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mm^m ( n s 2 ) m^mK sfs n - me 
Y:^\sicr,mwmim^^BAthmmRm (1,2) 

i 0 , Siii2l5l1S^{C>tLT 4 5J|g^/t(5 1 3 5&(Difi 
ST'X^ L , 'immm + 1 liemSlSI/jSm + 2 liEiS 

<7M f •/ ^icW LT^ 2^gaS5e$itl. 1 1 1. . -e 
m (3. 4) 



F I r-VD-F(p#) 
HOIL 21/82 W 



IfSEffl^ *bS« jS«S©8Sc25 OL (±21 M) 




1 mm<osMm- 



(2) 



11^2 0 0 0-8274 3 



t 

mM^mmm±.mi>zmfi!i^ti. s^n (n^2) ape 

WLT 4 5&tfzli 1 3 5«0:ft«X-3SII-ri.#l*^ill» ^ 
Jllill£[Sl^Bil*5lt- -y . mtmmmS^D^ix^'iK^ 

t itc . -eomm + 1 )isdis:&t/fiia^m+ 2iii» 

fltiia-t /Ufi - -y U -Sc^i^^^i" «t 0 i7 n -y ^ (t^5r 
Jg)£§il7t^85lcJ:l.^2W^J|i:5:, filESWSJi 50 



1 ( p ^ 2 ) mmtw-vrnm^zx o . fiief^^a 

tSi^$,^vMi^P-2liE^(^ML-C4 5Ki^dil 3 

miiLligPiiliaiti. ^c73«-lwiIW«i8 f -y 
- 2 -y ^CW L-C ,r 2 fS(ci£5E$ i: 

[ mm 9 ] mmmnmmit . mh^ r±mzh 
[ is*ia 1 0 ] mummmm\t . mm^^-f <'ne 
mm 1 1 ] t\iim.<^^^^=r^^'^)vm^L. 

f-.y7"(7)rJ— h-lCiSifi^iX'SPLL (Phase Locked L 
OOP) J: 2:^(1 L, OTiS7'J-yr7 0 /7'[H!S§(i, 7 'J 
-mm%m^^z^ O a -y ^' (t^Sr 

A-y 7 r -fc/l^r^tT Rc:i*VN7yx$-ti:S J: o (cPa^ 

[ urn. 1 3 1 ±iaiti?i{*:m«i2is^^S{i . $ ^> ^ 
tmimM.m\i. mees ram 0gs±5:ii5iii-?'ii^si 

it- 

BiisE«aia«<^^lSBiIi5li3j;t^l^3fliii§i{±. b'iiE 
1 3c7)v^-fix*4E«<^^^<'H^^IslK^-S. 



SSn ( n S 2 ) IglW. ?Bn - 1 lie^SfcSVHcEx 
1 1, m ( m S 2 ) 1<7)EISI(C J: 0 . X - Y:^I*]cOSmie 

( mm 1 7 ] ui^mv^mmmm'&M . § f> 

■%-h7.f-n"c^'^^Z.Mmtth mm. 1 6 (CIS 

mm>mRWj\^izm':'tcB^x'imti^>T •/ rt 
s:#t'^ fc m'^)^iihwm 1 6 i/cti 1 7 ^zm.<r> 

w,mwm.t^:i t mmt-rm-m. i si.ztmc^'^ 
mim^wmcr>miimm<^^>^-ftit-^(^^mx'h'>x , 

t -fi. iflSfl 1 6 Jb^ 1 9 <7)<. ^-ri^A^iei^«4^ft*s 
[Hissii;ig:^ffi. 



3) ^#^2000-82743 

4 

ta^: t l.fB«iB 2 0 lliS®<Oii^l*««!HlSSiiilS:frffi. 
[ mm. 2 2 ] ^^if'KmaiHlS&iJC-fe iisi-s -t 

ISn (n^ 2) 11211*^'. Sn- lliEilfcSl^^: 
f 2. m ( m S 2 ) l^^Jid^tC J: 0 . X - Y:^ [6]«S*ie 

^v^^^l:5S■fl.S^m+ 1 SEISi:aSm + 2]SSil^t;J: 

0 , flies LT 4 5 Jtti l 3 5 S^ft 

mm+2JiElg[Sl«0ET«t^-y^A^ flESafiiiigl^^^ 
ii-5-'ncOlMSiacO@iil« f -y LT,r 2 ^I^ISJe 

:fi-lfntC^r-tfG-t I. X - Y -yhy^yt Mii^^ifM 

^m<r>R^i}mznixi-thfAibii!flico^ -yhy^yt^ 
m^^f^mi^m -y hmzmn^^s.ti^^T -n't $-§r 

20 tC. 

;^r-yra, 

35 3 *3 J; 4 (5'3it!L'^iA^ fiieMi^Ei^l«OiItg±* S 

1, HCjficf X ')CftM$ix^cSf52«S$:i55E-rS 
XTy7'i:, 

iiuf ESI 1 oy^n t mWS 2 c7)gK fc S: , SiriaSiiiatSI 

-rs^'-v^yri:, 

U'&^^thXT-/rbi'k^:iti^W.b'ri>Wim 

1 6;bM2 2<7)^^-fixA>iemio*Ji«!ma[iis8i£»«:^ 
w:mm^mi.-n'&iX'h o -c , 

?gn ( ns 2 ) WS//, sin - 1 lEiStS^^t^il^c 
m { m ^ 2 ) mcoWM^Zi. 0 , X - Y*(filiO«Jpi2 
l5yiS:}BB!t-ri.:^ryri;, 

40 5i,HciS^-f2.sim+ iJiisiatasm-r2iieisic± 

0 . fiHdS£Pi^C*=f tT4 5^ttz\t 1 3 5S«0ft 

gsm + 2iEi8rBlc7)Eiiit: -y HulESs^ffitilf^-e 
n-riit7)«coi^^(?)iiIiat-y^iz«LT/' 2fg{ciSS 

$fxS'«}gfi!tTS^Xyrfc , 

^.yr«3— f-tCi£g$ixl)PLL (Phase Locked L 

OOP) *'^-7--yr4'ifej£f*^. HuiEfl*^i£^««^i£^85r 

fflv^T^^la•rl.;'■.r•y7•t. 

flirted •yr+5teifi^*»^>fitisEf--y7-4'iOfriE 7 'J vry 

50 Q yriHlKCji^LT>'<-y 7r-fe;l-5r-A-UTRCS2r>'N*7 



(4) 



1$gf12 0 0 0-8 2 74 3 



^ n ( n S 2 ) laillSJ*^ n - 1 IH^^^ S"- H2M^ 

S\,HCiiX1-SmTn+ 1 Sffil5lfc^ni+ 2lii;iS{C i 
0 Htiia«Wm=« L-C 4 5 K^/cli 1 3 5 S^O:^ 

AMlH]JSa:ff?lt-r&^f--v7"i: , 

Mfit^^T -y r'c ^^^^ t ^w&it th^mmm 

[000 1] 
[0002] 

Vrv^tii^^zi. L S I ff^mWAmmzM. W^-f 30 

hm%m^m\zmm^xv^<-n^m^hfix%-tz. 

-ttsih^. milifca52li*«U, m2li:S^3l*^ 

mzC. wmmz\.^->^-'^'f ^'5:4tTv^ 

[00 03] U>L^*^'^>. 3yh-^-^'±-CLS IE 
[ 0 0 0 4 ] i: ^ [nliKt?5}icOiKlil (l:*Sl®1-|.C 

on-c , wmzwmhwmjjiifi'mm.ov^v 



[0005] ftf*(i<)ic{±. ^ n=« iEiaiftfiicsia-rs 
[0 00 61 ifc, S2(c. mi:^^smtim^&(r) 

[0 007] S^>C. ^3{C, ;c7)ffiigrnW-yr'J>- 

rt. mnx'm'f^z^^mm<r>fj -yru > ;5^§fi$rs 

[00081 ii3cS^JiieTS*i43S'-WjiL-c . 
mmmiztnz.. m>^m (45- 35- ) ^ 

, i^P'ST 5-1 02305^" ^mm 
[00091 02 8{±, zmmmm.^mi^-: 

[0010] zcD^mMi. m.x.mmi:W>fii.-t7s>\y^ 
tMxh ^ . 11 2 8 ^504 0 1 {a. 1 M<^ms.m- 

( ^ 'J •:/ K ) X'h 0 . 't-<7J±l(=iSx L^m 2 )Bi^Ji£T?= 
lg^4 0 2*%M§it-C<'^l>. $ hl^zzixih±mi.zii, 
?Sl®401C^tT45* 3 iiein^'' 'J 

■y h'4 0 3 i: , M 114 0 1 l;*tLT 1 3 5 • 

co^4li2ia/'J -y H4 0 4 
[0011] f4y):&[6lwEIS$:f"lffltf>: 

[00121 ( 1 ) m^<^^MW.w^&x:i,i. s^mizm 

^,1 14 0 1^:^214 0 2 «0l&?.^.«±5 0 1(C=S: 
l-:fj ^3JI4 0 3i:l^4l4 0 4<7)m^=-*«*5 0 
2!c'5:s! -^-C-. 35414 0 4*^A,^3Ji4 0 3(ctg 
^tL ( t'T+>-;l--) $:S<^-&i;(i^S'i'-'S5 0 2(cS< 
ZtlZtp^h. |S3Ji4 0 3*^^.^2)14 0 2(Ct' 
r*-;U^if<*iir{i, tSi"-'^'«5 0 1 Ctt< Ctl-'Sr 
I, t ^ii<b1^^A5 0 2 h 5 0 1 i:*«Jfi£L 

J:^lc ±l<^f^<^EIIt«i'(^3li4 0 3i:IS4l4 



(5) 

7 

04) tT)B'7)X-YiilllfS7- (r.lii4 0 1i:^21 

4 0 2 ) fc mmmza^^xt&^j^.ij^i'i^^ ztizx^ 
[00131 ( 2 ) ±.m(^misbmm<7)mni. t^w 

[0014] ( 3 ) m(nm>wm<rM.^'<^ •■' ■'^^-^ 

i,\ Z<r)^}ZW^X, CAD±£Offita/'J yH(.:ML-r 
y;l.-;K;J; ?>|iiIfflilSiaira<')iElJll*^'fitllH'^ 

m<nm.-^m\~Mm^'^''^ otw. 7 - s 

64 1 4#" ¥2S«J^C iC^S^Siltt^l.. L*^t, 

[0015] ( 4 ) t'r*-^l-<7)Btt«±- 
|Sl±l-:Jl}'h<7)iElf:|3l±<7)tg^rff Oft^tcS: 

[0016] ( 5 ) |^a-^:;^5r?|^1^^^sea^L'cm^i^ so 

h 3o«Sl<7)±C«^i^:^l^n«02-PC0iEI&12r5ESU 
5-243379 i|i»*^[HlS3^S" 

[00 17] (6) iHlifScOieSll^Sr^l^ei-r^D^t^ 

ffi-c-ti, m-w.mi>^x'^'n-rh-'y(^w!j^m'±-rh 5 



1^^82 0 0 0-82 74 3 

8 

[0 0 181 {7)^mmm<r>mttii':iiim(r) 
mi^Em^i'iiT^+'j^x'h^t:. mm. 

(7) I /ozm.-r^mTmi&z i /omi^tifvi;, > ; 
m^tixm^^^zti}<x'th. zcoxoyimmi^-^ 

[0019] (S)PLL (Phase Locked Loop) 
.y ma^V 'J -y 7*7 n y 7'tc 7 'a -J 9 7: ^ikthW^ 

[00201 PLUi. -7-•/7•(CF^^Si^«.r-^a/[l] 

ICSSSS^. ^^03— >-- *>f>#7'J ••/r7D.y7-(Ctf 

\.xm.^ixh. zcnfzib. &mx'hi-vrcnmm^ 

(c jSV $ ff)imi:^ I < ^tc.Vt'>X. 31®*^' 
li:>;-r t «: i> ic, >'^' -y 7 r •:: t (^i ^ 

[002 1] ( 9 ) S R AM^ii'coy t U (niSS(?)*5^, 

tMSi^t ^^is^^-i^/ 7-'j yyy^ ximz ix^m 
li. m^if^yii--zRmmm^ixx^^rc. z<n^ t 

fbtit'j iJi^'i:>Sfc-r'S>. ^^-''^^ ^nnt^WfWS^ 

[0022] 

[00 23] -eLT, ^c7)SW{i. X-Yf5\^[Z^-t 

mm^'m-f^zbi.'-^'yx, m<mm'&tJ 

[0024] 

iJlCJglS^n, W.n (nS2) iilEIS*^'. ?^n-l)i 
0 WSifSy^^zm^-thm (m^2) 1(7)^181-^0, X 



(6) 



■y LT,r 2 ©CISJeS i 1 1 tc . ^nWrn + 

fxs 1 1 $:!t#iS[i: 1-l.-t-^l(^^^ftmI^lS«^^s^^sfi^'^^-'^• 
C 0 0 2 6 1 ^/c, *f6BJlOfl!!iOtti«t{d. Hiiiil«a6il^ 
[ 0 0 2 7 1 S J'- , 3tcf6HaiO(|tlc^J^#it{i:- H5i»E*£ 
[0 0 2S]ti-z. *l6BnwW«mti. MffiMW 

[ 0 0 2 9 1 sj^c. *i&t!fl<?)fi&<7)i#m{i, fiiefi«^se*a 30 

[ 0 0 3 0 ] t , Mm^<r)^ 
H?ia-t/K±, 7 'J -Me^SSIlc J; 9 ?o -y ?fi-^Sr 

ffti^s ti , mia-y 'J -s^^ffifMti > ^ 1 ^ 2 

J: '} {zm^^iif-:^^-^ ^ ^ 1 '^^-^^^ ^ ^ ^ 
■^^oXoCBfS.^ixfzmUzX?>ni2(r)mti. Mi .40 

[ 0 0 3 1 ] ^/c, *ifcBflwfl!icoi#ia{i. ±ia^t^':ii*» 
t, a^ucffl^c-r-siBp- 1 (ps2) iiEiatsspi 

i^gc J; 0 , wisi.m'mm'f-h h V ^tiSS P - 2 IIEISI 

L -c 4 5 «i Aiti 1 3 5 )goftST'^-r s ±sr.is 



1^^2000-8274 3 
1 0 

[ 0 0 3 2 ] 2^f£Ba«0fl!lcO^#ffi!«i- H5Hai^li'5il^S^ 
tih:^.^zhh, 

[ 0 0 3 3 1 *l&B3^fi!l<^'-l^iS«i- fiiQi^^^ffi^ 
[0034]^/::. ffifietaiW 

C 0 0 3 5 1 *|&BHco(l!io1$iaii, ±fa4^':it^^ 
^.^:,_.)-_CfdK$ilSPLL (Phase Locked Loo 

-a<:o«mii, fiiap l LA><^^^-yr4"*5ff(f^, 

H5iaf.4J^@e?Sl<7M5:flli'^-C*SI^$ix. Huta^ ^--^^ 
ffej!r(^*^f>H5ia7 'J •yr7D ./riHis«c*tt-c/N''/ 7 r 

'i^^ixhi^}.zhh, 

( 0 0 3 6 ] i/c. *^ilflc?)ft!J^t#H!!ii, ±E^^('t:* 

JgOieiSarfflv^l. S R AM0S5$:fl:(iL , Hufatf^^M?; 
1(± , flia S R A MIIlS«±5r jffia-f^ ffi^A'E^ $ it ^ 

[ 0 0 3 7 ] ^^c, *^^oj^<7jfl!i<7)^#ffi[(i, miaS^ffitt 
[0 0 38] i/vi, *l6fifliO(i!i<7)^#m{i> BuiaSW* 

[ 0 0 3 9 ] i^C, *?&BHc7;(|!i^^#®{i, +-^M^««[Hl 

(nS2)liE^*«, l^n - 1 llliatSv^Iia^ 
m ( m S 2 ) l^iaiSt «t 0 . X - Y^riSliOamid 

i^t^m + 2iii^ci: 0 . m^m:^^^--^ ^ 
-C4 sis^^ctii 3 ^mnmx-^^-^h^'^m^m 

m + 1 mmmfm.y^^ + 2mwi%mmdi'^^ s'je 



(7) 

1 1 

[0 04 0] ^7t> *f&BBio(i!io^st{i, ±ti^mtm 

fit 0^2), 

[ 0 0 4 1 1 :^-mi(r>m<r>'imi.i, ±ia#sH^ 

[0042]^/::. *l|nj?«Ofl!!CO«iSt±. ffJii!MS1*lffi 

[ 0 0 4 3 1 st^c . *i6BJi^(i!i<')t*ia«i- ±ia^2S(*Jfe 

(r>^^■rilt^MMk'C:h'^X . |5]-£7)^tcS-r^¥tr-r?. 
fmtm^t. n)ii£2*«oi:i«iOv^-riLA»--.^^oi2*SliO 20 

[ 0 0 4 5 ] s/:: . :^m^mfSL(n^^mi. ^mimw.^ 

( mS 2 ) mnmzX 0 . X- Y:S-(6)c7)«f*ieiSlS: 30 

5Kni+2iii;jiiicj:o. BgieaM*)ii^«t-'C4 5S 

m + 1 fllE^fiiai/S^m + 2 lH^OOlSISt 7 
J^LT^2<S^ci£5g$i^l.'^<}eB!tt5^r•yri:. ?g 
S X - Y:frl6l<7)X? -y h 5 >- 1 fifEf f»'>ii*« 

[ 0 0 4 6 ] s3t, Wt^m[1<L<n^W.M, ±iE4^^M<« 

4<?)tfi*A»'bMiEfl!'>iaT«ia7-<?)ffi^$-5V'>t;i!r-:J5 
^ 0 J: ^ IcJfM? fXJtl^ 2 <7)gSS€:i£^^5 -y r 

fc , Hiiism 1 cogssfcffias^ 2 ogssfc 5: . fn»ie 



^BS20 0 0-82 74 3 
1 2 

[ 0 0 4 7 ] ^^c- *%Bfl«Ofl!liO^©{i. 

(ns2) JiEiS)!^'- sgn - 1 ffliaistavHci:^ 

-r I. m ( m ^ 2 ) 0.x- Y:^[6lc^SJ<iie 

ffilSi:lS^m+ 2JiEf«l::J; O . HilieaJPE^lt-Sti: 
4 5 l&tfzli 1 3 5 ]KWftJST3SII^I.^4tf3iil*Sll5r . 
^co?gm + 1 lHlgmSt/^m + 2 Iffi^ISlcoS^f y 

t, ^-yreon— ^— tCieS^i^•&PLL (Phase Lock 

hWiiif- -y r*c01}ijE7 'J -y r 7 a .y rUlSStcW L t ^ < 
•y 7 r -t;!- SrtfrU-C RCffi5:>'<7 y;^$-ti:l> J: ^ f-P^'l 

[0048] t^%mco\mtmii. ^mimn^ 

^ n ( n ^ 2 ) miim<. ^n-l llE^fc Sl'^lCil^C 
-rSm (m^2))lOil4lt:J:0. X - Y:^(a]WiS£«EiS 

4 5 KS^cti 1 3 5 !££r;fl|St-3<S-tl>«^i^EtS15r , 
-?-cDlgm + 1 lEiSia&t^S^m + 2 lldlX^^OEIX t 

<y tew LT ,r 2 fStcigjgSits ^< J^fiit-r s ^7- -y y 
ciwie s R A M lasij s- Jiii-r i. e^s- J^is-r s -y r 

^^fh^izh^. 
[0049] 

m<nmirmW.t, SvHiiS3S-ri>Sl«fc<J:t/^l^2« 

5i£i?t{i 1 3 5EOftST'2Sllt. i:vH3ilx-r&?S 
3liEJat^4liEISli:t^J: Om^^i-^^f^J^lE^tS^ 
arlSft , w cOfl^iS^^Si^iO?^ 3 JlE^faat/ 3^4 IE 

isMisif yf-fcitjfffisiis*:. m^wm'i-mM 
0 [ 0 0 5 1 ] 0 1 {i. 1 m!mmxz^.h^m 



(8) 



If fjB 2 0 0 0 - 8 2 7 4 3 



13 



1 4 



h tfz IlSlj, [a4cOA-A|BTffiSlt-ct>S. 
[0 0 5 2 ] II 1 9 C m 1 cO^iEJ^S^EIS 

l^aMt/'^C^ 3 )i J: m4 IfiOlKatiS*- McH Jct I. ffiil 

3lkm4lti't-n-eix4 5- .1 35- t'3Sllt5i: 

[ 0 0 5 3 ] II 1 ^"7) 1 {±, 1^ 1 m<rmM.'/') -v ^' t'^) 
0 -e^iiicK?: UTS 2 m<rim.y 0 -y F 2 

5 • mU\^(^)^ 3 lid$S^^ U •/ H 3 1 , ^ 1 lldll^ 
ij F 1 (Ctl LT 13 5' §\ibU^<^m4miMy 'J v 
b'4i:y/WJil-S$ix-(:v^&, 

[0 0 5 4] zzx'.mi (Dmmmmn. 

■y^i. 't-iims? 1 mim i ^oisiat/s? 2 liEis 2 ^ 

Rt/^ 4 miK 4 <7jiaoffiis t -y -:^td . ^ 1 JliCis 1 ^ 
rBm!/iS2;iKi2i7)Mdif.f .yf- ( a ) c^j/" 2 fg 

[00 5 5] ^ilCJ;'}, ±1C7)X-YM-S^ (^3 

14 fcm4Ji4 ) iiTiiomsiifSi^ (mimi tw. 

212 ) fci7)|!girHltCKl'^"CfS^,'^.Wl^'0«:[H]®-r 

*f^figt::^--&. ':>S'5, ^2lfcm3«fc<7)ruWT* 
-/l/&3ll)Si:?tl2l<7J^'*'J 7 HiOS.'^.l-K^i:*'^'^" 

^ , ic^tg-r^ts-T-^m 1 it/^{.±a52iH<7jiais!(cfflv^^ 

[0056] $ f>(C, ^ 1 ffi^t' -y ^ 

(/2 • A) •C$4i^:ft-|SltCiEa$n/c^3«S*«3i:^ 
4liei«4(7)iIJ«1@$:, ISl/iEI«lfcl^2lEiS2J; 

y)hm<t^th, m¥mM, ii2ii^-tJ:dc. is 

3JiEJS3i:m4^i^4£7)iM{±. ^tl^^l^ 
nmi k.?g2 Wa2c7)SSJIfa ( d ) C7),r2fg (^2 • 

d) (ciS5E$a-cv^i>. ±mcr>xo^z. msmtmAM 

<r>im t* 7 2 fgic^ -> -c V ^1. fc*") . II 2 O P 

[0057] 03 t5^tfi^^](-fev^•r^i, 
l^l)ii^l5ll*>'i^s$i^. ^tt^zm.t^t^mi'Z^2m 

3)aii;^3fc^4iei4*<i2S^a-tc^s. iii^i 2 

-/Ut'J)0, 13(i. S521ie*S2t^3li&IS3i:cO 
la tS*^i^^^ ;^-;Ut-|> 0 , $ ^> 1 1 4 {±Sg 3 HE 
gS3 >:^4JiEI?4 fcc7jrH^(cS*^ii^cb'r*-im-*> 



[ 0 0 5 S ] m 1 «^»J{i: - ±iE«i&*gt^ V ^*J<J: 

3 3bm4 mmu<^EMm^ . m i mm^ i 

t IS 2 lies 2J:0t)5<!55ELTv^l>. ft (Wt^t-l . 
0 3 C^5-r J: o tc. S5 3 iilSia 3 fclil4 )ii;4S4 

(t) i7),r2fg (^2 ■ t) izmiE^iiX^^h. t'fc, 

^4lcOE^1gfcJ:l^M$IH?2rlS 1 l*JJ:t/^^2JlcO 
4JiilMMffl«{i. UT<05lt*%1-J:3tc, ^1 

les fc m 2 iie^fwEisiiflTiBa^o 2 t ^ s . 

[0059] >^2x^2 = 2 
(± /2(Si:^S*^'- |S5^gffiiaHIltvr2et=5:^/:: 

^ {i isiiEtw^i)ise*«<-*5f-^^p^sEisiRa^-t 

t P 1 1'?, I, . ffilSyftfiiA^' 1 / 2 TKlSE^lBlSatiP 
tfJ)2.A>''3« J^fii:ft$ifcOcoEillRCS®l±. ISl 
;iiiJ;r.^^2®«aiOi/2fct'S. i^, E^Rca 

[0060] mcox 0 iz. m 1 mmmxzxiwi. 
w, 3 mmm^m^ 4 ibe^^oeis t y ^ * , ^ 1 1 

ETaPamt^?!? 2 JiS^SreVjEiSb- y ^C** ^ 2 fgtc 
tiHth. ZcOfzifK ±®£Of.4rtE*StS-fi:TliOSJi 

30 t>zt^K'b. mtmi^^itt^^tti^'^^iz^^ 

[ 0 0 6 1 ] it, EiaiHi/2fg(ciS5ELfct^-C\ E 

mP'.cm%i\mt^zttiiX'th. ^(^c. sMfm 

hf2^i>zWi1^Uz<r)X\ EISRCSSsr-lfiSiStS 
^ t A^'t'S . il:!K6D«v^E*S-^'ia»«<^»)ft^ t^- H Sr± 

[006 2] IS2i:0||)lfeJg^ 

mifzm^mMza^^x . ^(>^z. o^-^-^i^- 
40 (y^-■y7r•fe;^) mmzw?^ix. mmmi-zxh^ 

[0 06 3] 04 (a) , (b) . ( c ) ^ ( d ) (±, 

5 " 0 5 ( a ) . ( b ) \mmmmm 1. tz>i^<^^ 
x'h^, 04fej:t;qi5Sr#B3ti:, m2cr)mmm(^ 

[0 0 64] t-r. ^lJlRl/^2Jl^itt«rfflv\ X- 
Y:^[6l/'i<t<7)idJ«t'^'C'^^^7h5:Eiai-S. 

50 Srfi^LTV^S^r-yh&ttltiJ-rS. ^iOtttU^iX/w^-:' 



(9) 



1^^2000-82743 
1 6 



1 5 



[0 0 6 51 

[00661 04 (dXc^fJ::)'^-^-;'^^ 

r •t^W2 1 'c^>^2 2ra(C*3ttl. 'J t^-^-tr;^2 0^0 10 

(c) COE^^'*;^'^^^^- '24 (a) col^l.ii i 
1'XW«2 35ffifflL, }XC'Jt:-^-fe;1^2 0^ 

Sl*g3 4^ffifflL.^^m^ X^l6lOiillSl3 5$:ffiffltO^ 
r04 UXrmX'VX, i1'.Jf-^^A'20S:t¥A 

u' x*i6icoiii5i4 5^ffifflu.f&- m-i^mw^^ 

,voo^y(nn^<r>m<r>n^^^-f^' 04 (a) 

Ol3^a®±. 04 (b) (a) C0(5<li0^ 

>jt:-:5'-fe;u20i:*;u22ra<^>l5E 

(i 124 ( a ) co^//04 ( b ) 0 
.jf-^'-b^l-20COh5>'i^'^^"t^ XCKlf-r S . L 

h 

[0068] Eisilicov^-c«±. :L,v^r<nwmm 

< U/-v::>7Am3i®«i®<'S^^- ^'Sf^^^ 05 ( a ) 
CtSI- J: ') ^i'*'' 6 3 5: fiEffl Lg^v^T^la«- ^ 
iJJSita6 4 2rffifflLt**^- 05 (b) {CTjv-fJ: 

[0 0 69H4^:^l^^ail*S'i- ^- YWcrS-'^>:il*S^ 
j:0i»V2fg*<=S:^'C<'^'&wt\ i-rf*^:6"[«]<^K** 

ii'XtU<«±Y:^lS]WiS^?:(Jfflt^v^-C 

o^o- 04 (c)mx'om4 {b)(r>mm 
[ 0 0 7 0 ] t^-^T . mmj^im-th^x\ u f 

-:^-t;l'*:}fA1'*l^^^^-"'*i> yjtoj: 9^cS5E$il- 



[ 0 0 7 1 1 ( 1 ) (i^«tti:)jJg^t-5fi^^E*S^'-«^*^^ 

[00721 \:Xl.<n>v->vmo t . -J tr-^'^:/^c^^» 
[00731 (1 ) (t^A:>}«^«j^ X- Y^ltllCVp^ 

[00741 iie^i^t^^ S52c^W«J:iHf- 

[00761 0614. m^nco^3<^mtmmM^ 
"[00771 m6(7)^mmmmm. tm-^'^^m 

[0078] ft(Wc{4, 06*<O 1 

t'J)5. 06f>«3fcV^-C, ^^iVa^SOtr^r^* 
mizli, ^ili'ti^^^i^^mi. 2.3. 4T18IS 

■t;unr^8 0 k W=5::&K^^=e8^+^^'^8 52rig(t<o 

[00791 m<r>X 0 ic, 
50 V-^inm-l^tiPX'^^, 



40 



( 1 

1 7 

[ 0 0 8 0 ] 1^4 (nmmm. 

[0 08 nil7 (a) . (b) , (c ) . ( d ) 

[0082] m4ff)mtmmiz%^mimmmii, 
m 1 uzmibw.m^^^^i-^?-mimm^zto^^ 

^1X4 5' ^fzlil3 5' m^2:&i'm:f:\^^m 

(^smttzimAM) timTitim^z. mi 
(a), (b), (c). (d) icst-r J: 0 ic, m\m 

->T , ^^tmimmz'm+mmmmc^^T^t^- 

[ 0 0 S 3 ] II 7 ( a ) (nmX'li. X- YU^WM 9 1 

t$mif^^nm9 2t<7)^..<!i.i,zii, Anm^rtt'TTfi- 

;i.9 0A*%M$ii-Cv^S. tfz. 07 (b)OpiK' 

(i. x-Y:/jiS]idj?.9 1 bmmmm9 2bco^m}^, 

[ 0 0 8 4 ] ii'i. 137 ( b ) iZTjki-mX'ii. t'r;h-;w 
I51±//-5?.S(ctg3S-^ri.v: '^ixS . ^nSrlHDS-t 

r^tci^c.m- ( c ) RLiTa? ( d ) iz^ttimm 

•KA'tSffi^nxv^s, 117 (c) <r>mxi.i. x-Y:>j[fii 
ISIS9 1 bmiji^m^9 2 tc7)3:IL^.tld, 7^ft?i5«0 
h'T7^-/^9 0Cn%M$i^T>'■'l), ^^c, 07 (d) 

mmi. x-Y-mi?M9 1 tm>it)U\mm9 2 

[ 0 0 S 5 ] ±ii!i7)J: ^ m4<7)nmmmizj:ixli. 

miz^m-Mimmm-h^7ii-~)\-mwmm 
izj^m-hmmmx'hh. 

[00861 08(a). (b) li. *f6H3w|^5m£ 

Bm^z{u-m{¥mmmmzinfh-t)\.ttdi^0^i\^ 

i7f:tmX'S>l. 

(00 871 08 (a) iZTntl 0 Hi. ffiStO^iaS 

-?-c7)EHIig04 5* co^'f >1 0 1 aSrJ^lcLT, ^Sftfli 
^1 0 2bhyy=Jy^^nm03bl,z^m^ixXi'^ 
I. hyy=J^.-S'mmi03i,zii. h^^^v-'X^^Tli 



0) ?$ffl2000-S2743 
1 8 

Pcf/B-fe/H 0 3a;iOT$i-L?.. -->^r, 0 2 

^tsmbixtmt^, 

[OOSSl §<c.lw. 08 (b) tc^l" J: ')(■-, ±ie-fe 
1 0 1 W h ^ > v':^ ^ 1 0 3 (cEg-r I. - 
!|tCEaiig5^ ^ 1 0 1 a&mX'±.}tLfz4 5' tfzlS 
10 5 ° C)mS*S 1 1 3 rffiffl-r^ i: i V^. 

[00891 -IWJ; 0 1:, -t/l't/-Jd;<//-t/U*riSff-r 

jKtc-r - tCX'l, iCilcOPt^irtili*: 4 5° i/i{s 1 3 

5' commmizi&^fzmx'mmt^^bti^xti. ix 

[0090109(a), (b) {d, S^5<7)^MB«t:: 

^hm:<r>mm'\^com^:yr^tmxh7^ . 0 9 ( a ) t 

2 2com^tJ;05E«tt-C»'^5. --t-- P*«W* 

[0091109 ( b ) lz^.tmX'lt. -til- 1 0 1 

•r'5:^:>*>, 09 (b) c7,)^Jt1i, ZOOPSS-iT^sWAtj 
o;tii-&(^. 'tili-^tii^ffi^l 3 2.13 ST'^ii-fiiJE 

[00921 09 ( a ) (C5n1-(7iit-{dC ADHStHcfclt 

( b ) i,z^.tMxwj'-^j:^^T-i'&xnmmmi^ijE.m 

30 -t^Zb/PX^l. 

[00931010(a). (h) li. mscommfM 
co^^.iTjktmx'ihh. 

[0 0 94 1 fflffiiOX-YEjXtS^^T^Kfct^TJi, 
010(a) iZ^-fX 'J ^>Vti-zii^^-t>l- 1 4 1 
rtgEcOl^WJjfSl^ 1 4 2(iS3cJEJ^fiO«-^i: Lt^^a$ 

Kxieii^rff 3 « ^cOEHHiSja 1 4 4-C<7)ffilS 1 4 3 

40 [00951 ciltctt tx.m Ltzm 5 (r)wmm.(n 
#)ST'f^fi£LJt-t:/wa.i>';^^"-tyn o 1 ^m^xmi^ 

ffiJf , 010(b) (CTj^t J: ^ t:, 5 2 

[00961 ±ie<^ct 'J i<z. ^5<r>msmm'<zxfnf. 
^)vttz\iy^ ij''^iv<nm^zi5\ ^x . wm^m.ir-^iv 

50 i7t(i^*'-t/l-i7)EgPS2rfiEfflL^-<'''tSl£'C\ mMW-z 



( ] 

1 9 

[00 9 7] W.b(r)%la&&m 

[009811111(a), (b) . (c){i,*l^qfl 

[0099][ail (a) (cS^-t J: '3 (Cpllt'^'fT LT 
leffiSiXTtidTlSl 6 1.16 2ti^hh^'ki^tt. » 

16 2) Oji'flP^^ar, 011 ( b ) {,Zm-tXoi,z. W. 
fidlS 1 6 2 4 5 • ^Jtti 13 5° <r)^^7:&-f^>!b-n 

^^nmh:LbifX-^h. 
[0 1 00] ^^c. ¥'<Ti£t816 1. 162C0'3*>, ^1 
ti4V^XJ?&iir4:^&iSI81 6 It'. y-^XSrglt 
1 6 2bm.1rh t . ±jil:U:^v:f4J6:^i*]EI« 

1 7 3. 174 xm^ 1 6 2 i^^MSrtf ^ 1^1:: . ^<?)^4 
i^lff^m^ 17 3, 1 74 ±l:-Oifc{5:«ISWN -y 7 
r-b/H S3§rWi7.1"l>, 

[0101] C^OJ; #.^i^)*[fnBMScO$m4'tyv/ 

LTiotttf. y^xi^-^i<zmm-tizbmmx'$i 

[0102] ±ie<^i3{c. |g6<73|IM^?StwJ:ix«4\ 

mmnmx'm^mt?>xr)izma<o^ 

h - ^' y ^ Xfio%4A $ ni. . 

[0 1 0 3] m7<7)||SSjeffi 

-x^^isifiti^fflt LTfflv^l>ll^smw.T'^>l., 

[0 1 04] m 2li, *||BI1<7)m7<7)SIJSm^l-fn!l) 
it^*^Sl2]8SOSg?t8fi!tS:S-rilTJ>l>. iiet^^ii 

[0 1 05] 01 2l,z^-tXol,z. ^imE^lRV^^ 



. 1) ^$S2 0 0 0-827 4 3 

20 

2mim2<r)±mi>ztiLmth. msm^mw^^m 
E^4£7)-a32r. igmm<^iiMm^m^m 9 1 tc 

-X ^n&ii^^tVXm^\ -tiVa^SOX'T^ 

[0106] ±iS<7)i a (c. 357 wnm^iciiitf. 

fflc7)SSSJi: LTffli-^S. ZCDfzib. ■iiiVa^VT^&i-^ 
nMimoZti^X'^h. 
10 [0 107] Sg8£7)|ISfe)gS 

mtmmx'$>?>, 

[0 108] 01 3 (a) (b) ti, *Jf6B^£7)lfS8C0|l 

x'hh. 

[0 1O9]3i?S, CADtCiSLS IiJli-(Cfc\,->T, 

^)vamm.-nmi. w,m<f>m<t£hi.o^z. t^-omk 
20 i,zRS.-tht^^r,fzimi,zii. h vry^y^mrmK^ 

ti\:XTcr)^<^i}m^^hiixX\.^l. 

[0110] ::cotM*w#at'«±. 013 ( b ) 135^1" 

mWl(r>:^-y hy^ y26 OI,Zj:-oX—^lZ-iWl , <X 
^J:^tc-t;l.-20 1. 21 OiWMth. ^oyik^t^i,z 

nmzLxij-/Vy^y^{mLx-m\i''n^-^. -r^ 
xcomm^M'b(7)Mmz^j:t tx\ zcD~^w\im<o& 

30 lOlll] ZZX\W^(r)f}-yhy>(y2eoi,3.,m 

13(b) tcs-Ti^tc. x-Yi7m<Dm^t&^iznz- 
Lxmtm<r)m.mz^j:'^x\^i. it^t, ±^Lt:m>^ 
u^^mm^m'fhti^B t . mscDmrnmrnxtm ifzx 
o^zmnm^commmt 1X4 5' (r>n^i^nx^-^ 
stiOA^-rs. zcntzth. mbm<r>^-yhy^y2 
6 0 fz\iXI,i^^-^i\^(r>eMi)H^(:>hfj:<^l . 

[0112] ^zx\ mscnmtmmii, 013 ( a ) 

izjfktX 0 tc, W^(7)mm^zm^tt^-y ytcSn 
;tT. l^i')*l6]c7);^7-y>7-^V2 5 0a:fflo^„ 
40 iiblJf^<7):fj ■yhy^y250 ^m^immfi^B.'Hz^j: 
&ttt;-t;U2 0 1.210 SrEM-rS. iixtcj: 0 , M 

5?^y>5 ZtipX'^, LSI ^«aiS5r±{f S ^ fc A^^T 

[0113] ±ii<r)X oiz: m8<r)mmmi,zxiui. 
LsimfX'ff)-tii'<^^simfi'7^^^zti\.^x, m 

)i\<^X&mKcWJ^f)'''^thXr) iz-tj\^cr>&m.^:&m<tt 
50 i,::kAit'^€.. ta!o-C, LSIOft«<£5r[6l±$-ttS 



(12) 



2 1 



m 



12000-8274 3 



[0 1 l4]^9<^yMWB^S. 

[0115] 014 (a) , (b) . (c) , (d ) 
[ 0 11 6 ] ^' n -y i^m°7<r>r -f 1/^ Sr^^!S^^•X«C 

mmChi^ii. tititshm 14(d) iz^tx 'ji,z,m 

[0 117] m9cr)mmmmu. ifz-vu-m^u 
s?,(7)m^i^z}5^^x .mi 4 ( c ) izifii'ii a (c. n 1 4 

Dh=i- 1 (2c 1 ) +l/2r 1 ■ 
(fIL, 1 $rlll 4't'«0SiliS<7)ft§i:-f 



*55Lfi!3t^S'^. -f^shh. HI 4 (a) tCTp^-io 
(C, 40(7)tt!'*P 1 . P2. P3. P4*^<^*4ea^iKStS 

1, P2i:P3. P4iOZAfoA<*SR£$iX!ttlL*P 
5 . P 6 •C'Mi:'*>^>*^iiil&®«^iliRt'^-i^- 1 1 i 
0. 014 (a) tzfzL, S!&<7)^ 

[01183014 (b) t2ji^-riii!3l5«^HISiOi2i8?B+M 
t, 014 (a) i.z^.tW.9<r)%mi&B(^Wm^±^ 

01 4 ( b ) [zirstm.^<^\^^<^WMi^.(^WMM 
[0119] 



c 1 =2. 



Dd 



[0 1 203 

= 1/2 r (v^2 I ) • c (,r2 I ) =r c 1 2 



5 r c 1 2 

(1) 



(2) 



fi). 0 1 4 ( a ) c;)p 5 1 p bbcr)mw^\m'hx'h * ( a ) a)m9mmmmmMK armmR 
hfz^, ( 2 ) cDimiMtit I. ^ t ii^x'^ I . c jisE*')^ ^<thzb h . 

[01213 Ko-C, 014 (b) CJHSJ:Ot01 4* [0122] 

DH-Dd = (2. 5-l)rcl2=1.5rcl2 



-wcmzx-Y-nmxm^mmxi. o 

[ 0 1 2 3 3 mTiM^i^-'-z'itmhi^^ 

m\5t.z7r.ti.o\.zwmmmiL-fh, z<nm\ 
5<mm.m.^zi. 0 . f^7y:>^r^^yvmmi.zwcTe.t 

hz'cifiX'th, z<r>mi 5cr>wmw<i. 014 
( c ) co^(*<7):?'o-/^'7'J-<0't'T'. U^mzm^-^iX 

[0 1 243 S/::. 01 6 (b) tS^-fi^tC, 7'J- 
;7)i!fe4it=tlAL7t^<-y7r 3 1 OcoJiii'iSWjfrt^rtJV^ 

1 1 riSttSClfcA^'^b.?.. ZoLtz^-klz. 016 



(3) 

[0 1 25 3 f^O. 01 7 (a) , (b). ( c ) (C. 4 
5° S.l/^1 3 5° :frf&I^$^«St&?2:@i!lffi«a'Clf': 

[01263 017 (a) . (b) . (c) +i03 2 
0.321 (i5>-4ltgi£-r^§S^^TiOte..St$^*T 
$> I. , 3 3 0 (1^ -y r 3 Tmiiei*J^OiS$?.Sitfils!<-C-& 
h . 4^*3 2 0*^<^iii?*.3 2 1 tX:m 17(a), 

( b ) . ( c ) ^(r>±m.x'rr^tixmmmimi^^ 

flh,m\l (a) (CS^tm. X-Y:^«8fc.ffi^ 
:^[6lEI«S: WfflL^w*a-&iOEillSr^-r. 01 7 ( b ) O 

7(c) .T^-rm. X-Y:fr|ft]iE^t 135° :^[6]cOl=4 

[0 1 27 3 ±ie<7)J: ^tc, ^9coSte?^S.(cJ:fL(i\ 
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(1 

23 

CO 1 28] sS^l 0<^Mt&BM 

mm I tz^mE.mmtii\'^'c ,m3<r>x- Yumm. 

[ 0 1 2 9 ] H 1 Sfi. 1 0<?)^M^®(-f*' 

, El 1 9 li . El 1 stc^p-r J: o ^^R^m-mmc^ 

[ 0 1 3 0 ] H 1 8^c^^^^■c . x-Y:^ifiicoiEi«lS^ 
ti:. 3Jiwlil^Sl=J:0^8(K$i^•Cv^l,. AfWWd. H 
18tc*-rJ:-3(:. 181)86 0 K ?S2Ji6 0 2. IS3 
)i6 0 3C0ilJXJ:, S416 04. IS5/SMa6 0 5 

x\ m 1 oc^ieM^^ti. ^ 1 Mmiie o i tTtr-rs 

[0 13 1] Ell Bi^fjeo i(i, mi^<rm%'!^') ■•' 
0 2mm^iix^^^. Z(nm2(Dimy'J y 1'6 o 2 

!7)±.mizm^ txm3 mm^ 0 -y h 6 0 3 m& $ii 

X^^?>. ^l«BiSSi/'J :'H6 0 1ioJ;t^^3 

/sEIS/ ••/ K 6 0 3 ic*^ LT 4 5 ' iA^-nP\<n^ 4 1 

ij ■•/ 1< 6 0 4 1 , sii V H 6 0 1 ax 
t^m 3 mmiy g -y h 6 o 3 tti 3 5 • m-n\^ 
a^m 5 /iidlSi^ 'J 7 H 6 0 5 1 timmM^fixy.^h . 
[ 0 1 3 2 ] m 1 o<nmmB\t, ^Kommmtn 

f|J/>:>7|S]Cii;it§il^>:g54)iiei£6 0 4<OtatS55 
6 0 5 cO^c^iUSf . -en^'ixS^ 1 

6 0 1 mRv^mimm^e o 20^, mimme 0 

2 ai/^gi 3 liiiS 6 0 3 i: Wia<7)12JS f y ( A ) coy 
2fS(y2 • A) i/i. EllQtiTP^io 

(c, f|rt*-|S]CiEl$ii^clB4li2^6 04c7)iSji:m5 
6 0 5 . 1 IIM^ 6 0 

ic7)ia&i/m2ffli^6 0 2£7)rBi m2iii;ia6 0 2& 

l>'35 3 liKS 6 0 3 cotawffi^ t -y ^ ( t ) wy 2 fg 

(^2 • t) ci£5£-ri.. mimumoi, mi 

1111160 2, SS3)lElg6 0 3{i, W^M\^zmh 

CO 1 33] 01 stcMo. m\mm^(>oitm3m 

i£JSS6 0 3(±-t/l'D'>:^|4ii:TOiO::^l6ltwJfM§iXl>. 

z<r>tz>h. miommm.tmLx, ^f^tc-t/ua-*/ 



3) t#^2000-S2743 
24 

c 0 1 34 ] m<r>x-Yumzmtmm'f-i'ZX 
tzm-^, R^<^'mmizi:i^oxh—?y^^iit 

[0135] ±.mx 0 (c, ^ 1 o<r>mmmizXh 

{f. -fe;Ua'>kTff^*l6llcg511ffiilioJ: 1^1^3112 
Ztti^X'-^^, 

[ 0 1 3 6 ] ^ 1 o(r)mtmm.(o^mMt tx , ^ 

4lidll6 04 i:IS51iffi^6 0 5 fc A^W^^i^iitStS 
^c0$'^(C±®C. ll.^l.V^{i^g|g^^^li^i^^t2^^^ 
mutt J:"-^. ^iO^'itciii^^ffiiaiS^^fi^ ^5)1 
mie05i,zrtLX. SvHcii3ctl.SS6flS^*5J:tf 

m7iiiiii&*<t'-r2o<7)i;^t&?'^r*54 5«i^«st' 

20 =^^*5^5 . ±ie^7)SI 1 Jiffill . II 2 milS^i J: tXII 3 iilE 

i^^j:tmim}5'f-i,zmi > $ ^> c5v >(cii:2E-r p 
- imtmpmcr>2-:><DWMt^^r¥. isp-21so 

i;Mll:*t LT 4 5 !gOftK$r=S: LTJBliii^iil. q 1<^E 
JMA^^Ett^ix^. q>=5) 
Zdf, 5i,Hci:x1-S5Sp-lltSSp/icjE?«ti> 
S5 p - 2 )iE^;7jEI$ t -y 2 i^lZ^'jEtl , ^ 
^c.^P-llkSIp IcOEfXcOieigteS: . ^iX'Fix§S 
P - 2 )iidJS<7jEis« tr -y ^co/" 2 (gtciSJE-f I. . , Ss 

30 1 Ilea. 35 2 Jiiei* . a? 3 nieisti, E^isitctJtt 

[0 137] Z(r>'^miiZi:tHt, lllSS<73^ffiS2rl^± 
-5. 

[0 1 381 1^1 1C7)||MM 

^1 iw^sMti- mcomtmm<^mmit&^i 
mm uzmmm&izm^x , $4tf)Emsi"2:=&-rE 

X'h^. 

[0139] 02 ojd, m 1 1 nmtmmizmiE^S: 
(r)iminmti>mx'hh. E12 iii. ssi K^mmB 

JS(c*ittl./a->'<'l-EI8$ri)iB^-r*Bl'C-S>S. i^. W 

-Y:^|fi]C0EIIIS7-*^Smiy«. Sg2«Ea*3it^?S 
3lEISl{=J:0JfM$*x, mEI8tS^*'ll4lEiat5 
J:t;®5lEII(Cj: 0JeBii$ixS^^*:(5ilfc ttUiBfll- 
c:ix3!>{S^ic7)|IS£JB®(::^P$iil.S^llESi3<J: 
50 r/mimimzii 0 x- Y:^ri6]<^l^lS^*^'J^fi5t$fts 



(14) 



25 



[0140] 02 o{r^-r<t oi^. ^1 i<nmmm 

[0141]!^. ^>1T, /o->'N';H2^i:{i:. ^-yT" 
^ttUC;!:'?'^ S n ^> y h ( n .y IEtS ) . 
1Eif«!6lfA<:lwfflu^,ixSSm''bS. mt\i. 0. 
2 5m mc^T-f ^. WMk^mm 2 . 5 

SEIfRCSEm^ 1 . 4 n s e c^.Si^S. -1^ ^ ^ 
[0 1 42] f.^, C:(7)n-;:7;HS^9.lCfflV^(^itSX-Y 

{j, ^li<7JEJf. ( (S 0 1 -6 0 4 ) mmtt(^X\i 
^tii:ft5S7-«0}F5^^;5raig?B4)ai;J±^omiillf.tS-T«Oga 

i^EfStS^ «Ott^c-r 2. T -b7>.-K-f y MCJtlg^il I. . 
[0143] ca'itfO-tr;l'«oai:':*S^JK«5r- ^J-'n-yN" 
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PROBLEM TO BE SOLVED: To reduce delay in a circuit and 
realize improvement of noise resis tance in a semiconductor 
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th layer wiring is set 2 times to a wiring pitch between wiring 
of each reference wiring layer and whose wiring width is set to 
2 times the wiring width of each reference wiring layer. 



4 X ^ 



2 w^^m^'i' 




1 #il|£7Ett.ftT 



LEGAL STATUS 

[Date of request for examination] 27.01 .2003 

[Date of sending the examiner's decision of 



Kff,>./A,MiMi/io it^Hi ii^r» on in/P A 1 /rpQiilf/Hpi^iil/mpin/w A A A 5lai v4n A4 1 2n82743P Lhtm 



11/5/03 



Searching PAJ 



page io\ 1 



rejection] 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application 

convened registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



hir!r//wwwl0.iixll.ino.LTOjn/PAI/result/detail/main/\vAAA51aiv4DA412082743Pl 



11/5/03 



(19) JAPANESE PATENT OFFICE (JP) 
(12) Publication of Unexamined Patent Application (KOKAI) (A) 
(1 1) Japanese Patent Application Kokai Number: 2000-82743 (P2000-82743A) 
(43) Kokai Publication Date: March 21, 2000 



(51) Int.Cl/ ID Symbol 

HOI L 21/82 

Request for Examination: Not requested 



FI 

HOIL 21/82 W 
Number of Claims: 25 OL 



Theme Cord (Reference) 
(21 pages total) 



(21) Application Number: Hll-175930 

(22) Filing Date: June 22, 1999 

(31) Priority Claim Number: HI 0-1 76285 

(32) Priority Date: June 23, 1998 

(33) Country of Priority Claim: Japan (JP) 



(71) Applicant: 000003078 

TOSHIBA CORPORATION 
72 Horikawa-cho, Saiwai-ku 
Kawasaki-shi, Kanagawa 

(72) Inventor: Mutsunori [?] Igarashi 

c/o TOSHIBA CORPORATION 
Microelectronics Center 
1 Toshiba-cho, Komukai, Saiwai-ku 
Kawasaki-shi, Kanagawa 

(72) Inventor: Takashi Mitsuhashi 

c/o TOSHIBA CORPORATION 
Microelectronics Center 
1 Toshiba-cho, Komukai, Saiwai-ku 
Kawasaki-shi, Kanagawa 

(74) Agent: 100083806 

Hidekazu Mitsuyoshi, Patent Attorney 
(and 7 others) 

Continue to last page 



(54) [Title of the Invention] Semiconductor integrated circuit apparatus, semiconductor integrated 

circuit wiring method and cell layout method 

(57) [Abstract] 

[Object] To achieve the reduction of circuit delay and the improvement of noise resistance in a 
semiconductor integrated circuit with a multi-layer wiring structure comprising wiring layers of diagonal- 
direction wiring grids. 

[Solution] Standard wiring layers (1,2) constituting standard wiring grids in the X-Y direction are 
provided by m layers (m>2) of wiring in which the nth layer (n>2) wiring and the (n-l)th layer wiring 
cross each other perpendicularly; furthermore, by the (m+l)th layer wiring and the (m+2)th layer wiring 
that cross each other perpendicularly, diagonal wiring layers (3, 4) constituting diagonal wiring grids are 
provided which cross the standard wiring grids at an angle of 45° or 135°, in which the line pitch between 
the wiring lines of the (/n+l)th layer and between the wiring lines of the (m+2)th layer is set at V2 times 
the line pitch between the wiring lines of the respective layers of the standard wiring layers, and in which 
the wiring line width [of the (m+l)th layer wiring and the (m+2)th layer wiring] is also set at V2 times the 
wiring line width between the wiring lines of the respective layers of the standard wiring layers. 



Translated by OKADA &. SELLIN TRANSLATIONS. LLC 
Phone: 800-803-9896 



Japanese Patent Application Kokai Number: 2000-82743 



[Claims] 

[Claim 1] A semiconductor integrated circuit apparatus which is characterized by the fact that 

[a] said apparatus comprises 

[i] a semiconductor region in which a plurality of unit elements are formed, 

[ii] standard wiring layers which are formed above said semiconductor region and which form 
standard wiring grids in the X-Y direction by m layers (m>2) of wiring in which the nth layer 
(n>2) wiring and the (n-l)th layer wiring cross each other perpendicularly, and 

[iii] diagonal wiring layers which are positioned above the aforementioned standard wiring 
layers and which form, by the (m+l)th layer wiring and the (m+2)th layer wiring that cross each 
other perpendiculariy, diagonal wiring grids that cross the aforementioned standard wiring grids 
at an angle of 45° or 135°; 

[b] the line pitch between the wiring lines of the (/n+l)th layer and between the wiring lines of 
the (m+2)th layer of the aforementioned diagonal wiring layers is set at V2 times the line pitch 
between the wiring lines of the respective layers of the aforementioned standard wiring layers; 
and' [c] the wiring line width of the (m+l)th layer and the wiring line width of the 
aforementioned (/n+2)th layer of the aforementioned diagonal wiring layers are set at V2 times 
the wiring line width of the respective layers of the aforementioned standard wiring layers. 

[Claim 2] The semiconductor integrated circuit apparatus described in Claim 1, which is 
characterized by the fact that the wiring film thickness of the aforementioned diagonal wiring ^ 
layers is set at h times the wiring film thickness of the aforementioned standard wiring grids." 

[Claim 3] The semiconductor integrated circuit apparatus described in Claim 1 or Claim 2, 
which is characterized by the fact that the aforementioned standard wiring layers and the 
aforementioned diagonal wiring layers form wiring channel regions, and 
said wiring channel regions are formed in a direction parallel to the cell rows which consist of 
rows of logic cells made up of the aforementioned unit elements. 

[Claim 4] The semiconductor integrated circuit apparatus described in any of Claims 1 through 

3, which is characterized by the fact that via holes for wiring connection are provided at the 
intersections of the wiring of the aforementioned standard wiring layers and the wiring of the 
aforementioned diagonal wiring layers, and 

the cross-sectional shape of these via holes is a hexagon, octagon, or parallelogram. 

[Claim 5] The semiconductor integrated circuit apparatus described in any of Claims 1 through 

4, which is characterized by the fact that the aforementioned plurality of unit elements form 
cells, and 



' Translator's note: We have used the same paragraph breaks as the original document, and added [a], [b], [c], etc., 
and [i] [ii], [iii], etc., to indicate the parallel structure in a highly complex sentence. 

^ Translator's note: The terms "layer" and "grid" are interchangeably used throughout the Japanese source documer 
our translation faithfully reflects the wording of the original document. 
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said cells have obstacle regions which are defined as a pattern following the wiring direction of 
the aforementioned diagonal wiring grids and in which wiring cannot be done. 

[Claim 6] The semiconductor integrated circuit apparatus described in any of Claims 1 through 

5, which is characterized by the fact that a part of the wiring of the aforementioned diagonal 
wiring layers is configured as power supply wiring for supplying power. 

[Claim 7] The semiconductor integrated circuit apparatus described in any of Claims 1 through 

6, which is characterized by the fact that [a] the aforementioned plurality of unit elements form 
cells consisting of the aforementioned plurality of unit elements, 

[b] said cells are supplied clock signals through tree-shaped wiring paths, and 

[c] said tree-shaped wiring paths are formed by combining unit wiring patterns which are formed 
by connecting, through the wiring of [one of] the aforementioned standard wiring layers, [i] a 
first connection made by paths formed by bringing close to each other wiring lines of the 
aforementioned diagonal wiring layers from points 1 and 2, and [ii] a second connection made by 
paths formed by bringing close to each other wiring lines of the aforementioned diagonal wiring 
layers from points 3 and 4. 

[Claim 8] The semiconductor integrated circuit apparatus described in any of Claims 1 through 

7, which is characterized by the fact that [a] the aforementioned semiconductor integrated circuit 
apparatus further comprises upper wiring layers which are positioned above the aforementioned 
diagonal wiring layers, which form upper wiring grids by the (p-l)th layer (p>2) wiring and the 
pth layer wiring that cross each other perpendicularly, and which cross the aforementioned 
diagonal wiring grids or the (p-2)th layer wiring at an angle of 45°or 135°, 

[b] the line pitch between the wiring lines of the respective layers of said upper wiring layers is 
set at V2 times the line pitch between the wiring lines of the respective layers of the 
aforementioned diagonal wiring layers or the line pitch of the wiring lines of said (p-2)th layer 
wiring, and 

[c] the wiring line width of the respective layers of said upper wiring layers is set at V2 times the 
wiring line width of the wiring of the respective layers of the aforementioned diagonal wiring 
layers or the wiring line width of said (p-2)th layer wiring. 

[Claim 9] The semiconductor integrated circuit apparatus described in any of Claims 1 through 

8, which is characterized by the fact that the aforementioned diagonal wiring layers comprise 
global wiring which extends across essentially the entire chip. 

[Claim 10] The semiconductor integrated circuit apparatus described in Claim 9, which is 
characterized by the fact that in the aforementioned standard wiring layers, local wiring other 
than the aforementioned global wiring is used. 

[Claim 1 1] The semiconductor integrated circuit apparatus described in Claim 9 or Claim 10, 
which is characterized by the fact that the aforementioned plurality of unit elements form cells, 
and said cells have an output terminal pattern which allows direct connection to the wiring of the 
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aforementtoned diagonal wiring layers in cases where direct connection to the aforementioned 
global wiring is required. 

[Claim 12) The semiconductor integrated circuit apparatus described in any of Claims Hhro-S" 

1 whi h s characterized by .he fact that [a] the aforementioned semtconductor mtegrated 
i,;~^^^ further cornprises flip-flop circuits and a PLL (Phase Locked I^op) whtch ,s 

00 he comer of the chip, [b] said flip-flop citcuits are supplied a clock s.^al through 

ttHapll wiring paths, and [c] said tree-shaped wiring paths are connected us.ng the wtrrng of 
teaf—ioned diagonal wiring layers from said PLL to the central regton of the chrp. and 
r "d from the aforementioned central region of the chip to the aforementroned fltp-flop 
luUst^hical structure via buffer cells, so that the RC product is balanced. 

[Claim 13] The semiconductor integrated circuit apparatus described in any of Claims 

2 wMch s charactcriml by the fact that flte aforementioned semiconductor tntegrated crcmt 
Ipplratus briber comprises SRAM circuits which use wiring of the aforementtoned standard 

wiringlaversfortheirinternal wiring, and , i -^^ 

The wWng passing over said SRAM circuits is wired on' the aforementioned dtagonal wnng 

layers. 

[Claim 14) The semiconductor integrated circuit apparatus described in any of Claims 1 through 
B which is characterized by the fact that the aforementioned standard w.rtng layers are 

out in a lotion parallel to the cel. rows which consist of rows of logic cells made up of the 

aforementioned unit elements. 

rn.im 151 The semiconductor integrated circuit [apparatus] described in any of Claims 1 
SSo:^h 1 3, Ihichi: characterized by the fact that the aforementioned standard w.rmg layers are 

composed of two layers. 

[Claim 16) A semiconductor integrated circuit wiring method for wiring the elements of a 
semiconductor integrated circuit; u,, ,h» fa,-t that it 

said semiconductor integrated circuit wiring method betng characterized by the fact that 

T^o( forming standard wiring layers in the X-Y direction comprising m layers (m^) of 
wSgYn which the nth layer (n^) wiring and the (n-l)th layer winng cross each other 

fsl" nglgonal wiring layers which comprise the (..l)th layer wiring and Ure 
mlLh layTwWng that cross each other perpendicularly, which cross the aforementtoned 
l::r:ring,ayf.atanangleof4.orU5^in*^^^^^^^^^ 
Of the (m+l)th layer and between the wirmg hnes of the (m+2)th layer is 

^ Wording unclear in the original - Translator. 
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picoh between the wiring l.nes of .he respective layers of the — 
Lrs and in which the wiring line width of the (m+Dth layer wring and the (m+2)th layer 
wS is set at V2 times the wiring line width of the respective layers of the aforemenfoned 
Standard wiring layers. 

[Claim 17) The semiconductor integrated circuit wiring method described in Claim 16, which U 
chLalnzed by the fact that the aforementioned semiconductor integrated crcu.t wtnng method 

!"st" «ng ™8 nets formed by the aforementioned standard wiring layers (any, 
lirin, netlsl which senerate[s] a delay exceeding the specified delay time, and 
rroftelg a ignal-amplifyinS buffer cell in a position over said extracted wiring net[s] in 
wtoh°his buffer cell can be connected to the wiring of the aforementioned diagonal wiring 
grids. 

rClaim 181 The semiconductor integrated circuit wiring method described in Claitn 16 or 17, 
which is characterized by the fact that the aforementioned semiconductor integrated circuit 

TstTd^fir^^^^^^ nrade up of the afoiementioned plurality of unit elements, ^d 

a s" of defining in said cells an obstacle region where wiring cannot be done as a pattern which 
follows the wiring direction of the aforementioned diagonal wmng layers, 
rciaim 19] The semiconductor integrated circuit wiring method described in Claim 18, which is 
to cten ed by the fact that, in the afoiementioned step of defining an obstacle region the 
I—edV.!)* layer wiring or the aforementioned (..2,th layer wiring is laid out near 
the corners of that region. 

[Claim 20] The semiconductor integrated circuit wiring method described in any of Claims 16 
tooulh 19, which is characterized by the fact that the aforementioned semiconductor integrated 
circuit wiring method further includes 

a Z of -pfacing a specified porrion of one of two parallel wiring lines m the sMie layer 
(ailg wiring lines of any of the aforementioned m layers of .he aforementioned standard 
wWng layers) with wiring of [one of] the aforemenUoned diagonal wiring layers, ,n cases where 
one of the aforemen.ioned two wiring lines induces noise in the ottier wmng line. 
[Claim 21] The semiconductor integrated circuit wiring method described in Claim 20, which is 
characterized by the fact that the aforementioned semiconductor integrated circuit wiring method 

l"sConnserting buffer cells in the wiring path of the aforementioned diagonal wiring layer that 

is used as the aforementioned replacement. 

[Claim 22] A cell layout method for laying out cells in a semiconductor integrated circuit; 

said celllayout method being characterized by the fact that it includes 

a step of forming standard wiring layers in the X-Y direction comprising m layers (m>2) of 



5 



Japanese Pmn,fipplicalionKokaiNm<ber: 2OC0-S2743 

wiring in which the ».h layer (n£2) wiring and the (n-Dch layer wiring cross each other 

rsro'^g diagonal wiring layers which comprise rhe layer wiring and .he 

:rC.ayerwU^.ha.crosse.h„^^^ 

Standard wiring layers at an angle of 45 or 135 , and wn p 

wiring direction of the aforementioned diagonal wiring layers, 

rriaim 231 The semiconductor integrated circuit wiring method described in any of Claims 16 
22 W wWch is Characterized by .he fact .ha. fte aforemenrioned senuconducor 

rrfe:rii:xr^^^ 
:r ^^^^^^^^^^ 

f,r?pl and the aforementioned second paths by means of the wmng of [one of] the 
aforementioned standard wiring layers, and .,„.k .imals tocells madeup of .he 

[Claim 24] A semiconducor Integrated circuit wiring method for wiring elements of 

Td— r^ai^^^^^^^ 

f sto of forming standard wiring layers in .he X-Y direc.ion comprising m layers (™22) of 
wiring "he „.h layer (n.2) wiring and .he (.-l).h layer wiring cross each o.her 

fsrofCtag diagonal wiring layers which comprise U,e (..l)th layer wiring and the 

SWwLglhatcrosseacho™^^ 

Standard wiring layers at an angle of 45 or 135 , and in whici^ tne p 
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and 

a step of making hierarchical connections from the aforementioned central region of the chip to 
the aforementioned [sic] flip-flop circuits in the aforementioned chip via buffer cells, so that the 
RC product is balanced. 

[Claim 25] A semiconductor integrated circuit wiring method for wiring elements of 
semiconductor integrated circuits; 

said semiconductor integrated circuit wiring method being characterized by the fact that it 
includes 

a step of forming standard wiring layers in the X-Y direction comprising m layers (m>2) of 
wiring in which the nth layer (n>2) wiring and the (/2-l)th layer wiring cross each other 
perpendicularly, 

a step of forming diagonal wiring layers which comprise the (/n+l)th layer wiring and the 
(m+2)th layer wiring that cross each other perpendicularly, which cross the aforementioned 
standard wiring layers at an angle of 45° or 135°, and in which the line pitch between the wiring 
lines of the (m+l)th layer and between the wiring lines of the (;72+2)th layer is set at V2 times the 
hne pitch between the wiring lines of the respective layers of the aforementioned standard wiring 
layers, 

a step of forming SRAM circuits which use wiring of the aforementioned standard wiring layers 
for their internal wiring, and 

a step of forming on the aforementioned diagonal wiring layers the wiring that passes over the 
aforementioned SRAM circuits. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] The present invention relates to a semiconductor integrated 
circuit apparatus, semiconductor integrated circuit wiring methods and a cell layout method 
which involve multi-layer wiring structures. In particular, it relates to semiconductor integrated 
circuits and semiconductor integrated circuit wiring technology for achieving reduced circuit 
delay and improved noise resistance in semiconductor integrated circuits in which wiring layers 
constituting diagonal-direction wiring grids are formed above wiring layers constituting X-Y 
direction wiring grids. 

[0002] 

[Prior Art] In the conventional multi-layer wiring structure for LSIs"^ of the standard cell type or 
the gate array type, a method was adopted of building up, one upon the other, wiring layers 
which crossed perpendicularly. Specifically, it was a structure in which the first layer and the 
second layer crossed perpendicularly, the second layer and the third layer crossed 



Translator's note: the term "LSI" is used as a tangible noun. 
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perpendicularly, and, in the same way, the (/i-l)th layer and the nth layer crossed 
perpendicularly. In a multi-layer wiring structure of this type, in which each layer crossed 
another perpendicularly, in the case of connecting two points in a diagonal direction, it became a 
matter of connecting points which are separated by Euclidean distances. Therefore, the length of 
wiring required was ^2 times the direct distance or longer. Consequently, multi-layer wiring 
staictures of the perpendicular crossing type resulted in overhead, both in terms of degree of 
integration and delay characteristics. 

[0003] However, when designing LSI wiring on the computer, wiring methods using 
perpendicular coordinates are easier in terms of their algorithms. For this reason, when working 
on computers for wiring design, the above-mentioned overhead was ignored. 

[0004] However, with the progress toward finer circuit structures, the delay component caused 
by the wiring structure has come to influence the overall performance of circuits. Therefore, it 
has become impossible to ignore the overhead resulting from lengthening of the aforementioned 
wiring length. 

[0005] Specifically, in the first place, the delay component caused by wiring resistance accounts 
for the majority of the critical path delay. Thus, the effect that wiring length has on circuit 
performance has increased. 

[0006] Second, the composition of load capacitance caused by the wiring is such that the 
coupling capacitance between adjacent wiring lines is more of a controlling factor than 
capacitance relative to the substrate. For this reason, the issue of how to reduce the capacitance 
between adjacent wiring lines has become an important factor in increasing circuit performance. 

[0007] Third, mis-operation due to coupling noise caused by coupling capacitance between 
these adjacent wiring lines has become of more concern. Particularly in conventional wiring 
structures in which all wiring lines crossed perpendicularly, in cases where there was a mutual 
effect between adjacent wiring lines running parallel in the same layer, even if the wiring [paths] 
were changed to another wiring layer, the lines would still be running parallel above and below. 
For this reason, reducing the coupling capacitance between wiring lines running parallel in the 
same layer is difficult. 

[0008] In relation to multi-layer wiring structures of the type in which lines cross 
perpendicularly, wiring techniques have been proposed which, in addition to [having] the 
perpendicularly crossing wiring structure, use wiring in a diagonal direction (45° or 135°) to 
shorten wiring lengths. For example, Japanese Patent Application Kokai No. H5- 102305, 
"Automatic layout method for semiconductor integrated circuit," discloses this diagonal- 
direction wiring technique. [Here,] this prior art is described. 

[0009] Figure 28 is a layout diagram which shows the wiring grid structure of a semiconductor 
integrated circuit apparatus based on prior art utilizing such diagonal-direction wiring. 
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[0010] This wiring structure is a structure in which diagonal-direction wiring grids are formed 
as separate layers above layers forming perpendicular coordinates. 401 in Figure 28 is the wiring 
grid of a first layer, and as a layer above it, the wiring grid of a second layer 402 is 
perpendicularly formed. Additionally, formed above these layers are the wiring grid of a third 
layer 403 with a 45*^ diagonal direction relative to the first layer 401, and the wiring grid of a 
fourth layer 404 with a 135° diagonal direction relative to the first layer 401. 

[001 1] However, this prior art multi-layer wiring technology utilizing diagonal-direction wiring 
has the following problems: 

[0012] (1) With prior art multi-layer wiring structures, because they simply provide wiring 
grids in the diagonal direction, there is the problem that the grid points can shift. Specifically, as 
shown in Figure 29, the grid point of the first layer 401 and the second layer 402 is 501, while 
the grid point of the third layer 403 and the fourth layer 404 is 502. When a via hole from the 
fourth layer 404 to the third layer 403 is placed in this case, it is positioned at the grid point 502. 
Meanwhile, when a via hole from the third layer 403 to the second layer 402 is placed, it is 
positioned at the grid point 501. However, when these grid points 502 and 501 are nearby, it is 
not possible to place the via holes. For this reason, it becomes necessary to place the via holes in 
another position. Thus, wiring design becomes complicated due to shifting of grid points 
between the strata of the upper-layer diagonal wiring grids (i.e., the third layer 403 and the fourth 
layer 404) and the lower-layer X-Y wiring grids (i.e., the first layer 401 and the second layer 
402). 

[0013] (2) The resistance of the diagonal wiring layers of the upper layer is similar to that of the 
wiring layers of the lower layer. For this reason, even by using diagonal wiring layers in the 
upper layer, RC delay originating in the wiring is not reduced. Here, RC delay is a delay due to 
the resistance component R and the capacitance component C. Therefore, even using diagonal 
wiring grids in the upper layer, it is not possible to create a wiring structure which is suitable for 
global wiring connecting long distances. 

[0014] (3) Concerning the line pitch of the upper-layer diagonal wiring layeirs, the line pitch is 
generally not wider than the minimum design rule. Therefore, even disposing diagonal wiring 
layers above [the X-Y direction wiring layers] does not result in a configuration which reduces 
capacitance between adjacent wiring. Concerning this point, a second technology which lays out 
diagonally the wiring of the layer for which the constraints on wiring line spacing according to 
CAD design rules in relation to the wiring grid are the most severe is disclosed in Japanese 
Patent Application Kokai No. H7-86414, "Semiconductor device." However, because this prior 
art does not use a configuration which simultaneously makes wiring line widths wider, it cannot 
reduce the aforementioned wiring line resistance. Furthermore, because the coupling 
capacitance of adjacent wiring is not reduced, it is not possible to reduce the RC delay of the 
wiring. 
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[0015] (4) The shape of via holes in the prior art is defined as a rectangular shape. However, in 
cases of connecting wiring lines other than those which intersect each other perpendicularly— in 
other words, in cases of connecting wiring lines which intersect diagonally— using rectangular 
via holes, it is not possible to ensure sufficient surface area for the cut. Consequently, the 
resistance to electro-migration phenomena which cause wiring failure is inadequate. 

[0016] (5) The relationship between the definition of cell rows formed by laying out logic cells 
in a row pattern and the definition of diagonal wiring grids is not clear. For this reason, it is 
evident that, for example, in the case where two wiring layers which cross perpendicularly and 
two diagonal wiring layers— for a total of four wiring layers— are defined, wiring resources 
positioned parallel to cell rows are inadequate. Concerning this point, a technology which solves 
the aforementioned problem of lack of wiring resources by defining two diagonal-direction 
wiring layers on top of three wiring layers that intersect perpendicularly is disclosed in Japanese 
Patent Application Kokai No. H5-243379, "Semiconductor integrated circuit apparatus." 
However, this technology requires five wiring layers and thus leads to the problem of increased 
cost 

[0017] (6) Within the same wiring layer, it is not possible to reduce crosstalk noise which 
causes mis-operation of circuits. In prior-art wiring structures comprising diagonal wiring grids, 
there are no cases of layering on top of one another wiring layers having the same wiring 
direction. Therefore, the coupling capacitance between wiring lines of the upper and lower 
wiring layers is reduced; consequently, the problem of crosstalk noise between upper and lower 
wiring lines is solved. Within the same wiring layer, however, different wiring lines are laid 
parallel [to each other], so that coupling capacitance between adjacent wiring lines cannot be 
reduced. Specifically, with the conventional diagonal wiring grid technology, it is not possible 
to remove the crosstalk noise which occurs between two wiring lines running parallel within the 
same wiring layer. 

[0018] (7) To provide wiring for power supply, the conventional diagonal wiring grids are 
inadequate. For example, in cases where a pad is configured in the core area of a chip which 
makes up a combination circuit, it is possible to use a part of this pad for power supply. 
(Incidentally, as opposed to this core area, the peripheral region where the I/Os of the chip are 
laid out is called the "I/O area.") In this case, it is possible to use the upper diagonal wiring gnd 
layer as auxiliary wiring for the power supply. In the case of such a structure, the conventional 
diagonal wiring grid structure is a structure which has a wiring line pitch or wiring line width 
unsuitable for configuring wide-width wiring. For that reason, such a structure is not suited to 
the effective utilization of the upper diagonal wiring grid layer for power supply. 

[0019] (8) Because the wiring length of the wiring lines which supply clock [signals] from the 
PLL (Phase Locked Loop) to the flip-flops within the chip is long, delays are increased. 
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[0020] To avoid degrading the characteristics of the analog circuits built into the chip, the PLL 
is normally positioned in the comer of the chip, and wiring runs from this comer to each flip- 
flop. Because of this, even in the shortest case, it is necessary to run wiring with a length of 
almost half the perimeter of the chip. Consequently, along with an increase in delay, there is a 
negative impact on the duty ratio of the clock due to the increase in the number of buffer stages. 

[0021] (9) In the case of memory circuits such as SRAMs, the wiring which passes over such 
memory circuits can cause coupling noise between the wiring lines within the memory and 
"through lines" which pass over them, negatively impacting performance. Therefore, these 
"through lines" which pass over memory circuits are avoided in prior art when designing the 
wiring. There is one prior art technology for shielding these "through lines" which pass over 
memory circuits. With this technology, however, yet another layer is necessary to shield the 
wiring lines. Consequently, circuit configuration becomes complex. Furthermore, there is 
another prior art which uses these "through lines" that pass over memory circuits for low 
amplitude signals. However, the integrated circuits to which this technology is applicable are 
limited. 

[0022] 

[Problems to Be Solved by the Invention] The present invention was devised to solve the 
aforementioned problems of the prior art. 

[0023] Furthermore, its object is to provide a semiconductor integrated circuit and a 
semiconductor integrated circuit wiring method which make it possible to improve the delay 
characteristics and noise resistance of circuits, to facilitate the wiring design and to reduce the 
fabrication cost, through use of diagonal wiring layers, in a semiconductor integrated circuit with 
a multi-layer wiring structure which provides wiring grids that cross in a diagonal direction in 
addition to wiring grids that cross perpendicularly in the X-Y direction. 

[0024] 

[Means of Solving the Problems] A special feature of the present invention is the fact that a 
semiconductor integrated circuit apparatus is provided which is characterized in that [a] [said 
apparatus] comprises [i] a semiconductor region in which a plurality of unit elements are formed, 
[ii] standard wiring layers which are formed above said semiconductor region and which form 
standard wiring grids in the X-Y direction by m layers (m>2) of wiring in which the nth layer 
(n>2) wiring and the (n-l)th layer wiring cross each other perpendicularly, and [iii] diagonal 
wiring layers which are positioned above the aforementioned standard wiring layers and which 
form, by the (m+l)th layer wiring and the (m+2)th layer wiring that cross each other 
perpendiculariy, diagonal wiring grids that cross the aforementioned standard wiring grids at an 
angle of 45° or 135°; [b] the line pitch between the wiring lines of the (m+l)th layer and between 
the wiring lines of the (m+2)th layer of the aforementioned diagonal wiring layers is set at V2 
times the line pitch between the wiring lines of the respective layers of the aforementioned 
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Standard wiring layers; and [c] the wiring line width of the (m+l)th layer and the wiring line 
width of the aforementioned (m+2)th layer of the aforementioned diagonal wiring layers are set 
at ^2 times the wiring line width of the respective layers of the aforementioned standard wiring 
layers. 

[0025] Furthermore, another special feature of the present invention is the fact that the wiring 
film thickness of the aforementioned diagonal wiring layers is set at ^2 times the wiring film 
thickness of the aforementioned standard wiring grids. 

[0026] Furthermore, another special feature of the present invention is the fact that [a] the 
aforementioned standard wiring layers and the aforementioned diagonal wiring layers form 
wiring channel regions, and [b] said wiring channel regions are formed in a direction parallel to 
the cell rows which consist of rows of logic cells made up of the aforementioned unit elements. 

[0027] Moreover, another special feature of the present invention is the fact that [a] via holes for 
wiring connection are provided at the intersections of the wiring of the aforementioned standard 
wiring layers and the wiring of the aforementioned diagonal wiring layers, and [b] the cross- 
sectional shape of these via holes is a hexagon, octagon, or parallelogram. 

[0028] Furthermore, another special feature of the present invention is the fact that [a] the 
aforementioned plurality of unit elements form cells, and [b] said cells have obstacle regions 
which are defined as a pattern following the wiring direction of the aforementioned diagonal 
wiring grids and in which wiring cannot be done. 

[0029] Moreover, another special feature of the present invention is the fact that a part of the 
wiring of the aforementioned diagonal wiring layers is configured as power supply wiring for 
supplying power. 

[0030] In addition, another special feature of the present invention is the fact that [a] the 
aforementioned plurality of unit elements form cells consisting of the aforementioned plurality of 
unit elements, [b] said cells are supplied clock signals through tree-shaped wiring paths, and [c] 
said tree-shaped wiring paths are formed by combining unit wiring patterns which are formed by 
connecting, through the wiring of [one of] the aforementioned standard wiring layers, [i] a first 
connection made by paths formed by bringing close to each other wiring lines of the 
aforementioned diagonal wiring layers from points 1 and 2, and [ii] a second connection made by 
paths formed by bringing close to each other wiring lines of the aforementioned diagonal wiring 
layers from points 3 and 4. 

[0031] Furthermore, another special feature of the present invention is the fact that [a] the 
aforementioned semiconductor integrated circuit apparatus further comprises upper wiring layers 
which are positioned above the aforementioned diagonal wiring layers, which form upper wiring 
grids by the 07-l)th layer (p>2) wiring and the pth layer wiring that cross each other 
perpendicularly, and which cross the aforementioned diagonal wiring grids or the (p-2)th layer 
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wiring at an angle of 45°or 135°, [b] the line pitch between the wiring lines of the respective 
layers of said upper wiring layers is set at V2 times the line pitch between the wiring lines of the 
respective layers of the aforenientioned diagonal wiring layers or the line pitch of the wiring 
lines of said (p-2)th layer wiring, and [c] the wiring line width of the respective layers of said 
upper wiring layers is set at V2 times the wiring line width of the wiring of the respective layers 
of the aforementioned diagonal wiring layers or the wiring line width of said (/?-2)th layer 
wiring. 

[0032] Furthermore, another special feature of the present invention is the fact that the 
aforementioned diagonal wiring layers comprise global wiring which extends across essentially 
the entire chip. 

[0033] Moreover, another special feature of the present invention is the fact that in the 
aforementioned standard wiring layers, local wiring other than the aforementioned global wiring 
is used. 

[0034] Moreover, another special feature of the present invention is the fact that [a] the 
aforementioned plurality of unit elements form cells, and [b] said cells have an output terminal 
pattern which allows direct connection to the wiring of the aforementioned diagonal wiring 
layers in cases where direct connection to the aforementioned global wiring is required. 

[0035] In addition, another special feature of the present invention is the fact that [a] the 
aforementioned semiconductor integrated circuit apparatus further comprises flip-flop circuits 
and a PLL (Phase Locked Loop) which is positioned in the comer of the chip, [b] said flip-flop 
circuits are supplied a clock signal through tree-shaped wiring paths, and [c] said tree-shaped 
wiring paths are connected using the wiring of the aforementioned diagonal wiring layers from 
said PLL to the central region of the chip, and are connected from the aforementioned central 
region of the chip to the aforementioned flip-flop circuits in a hierarchical structure via buffer 
cells, so that the RC product is balanced. 

[0036] Moreover, another special feature of the present invention is the fact that [a] the 
aforementioned semiconductor integrated circuit apparatus further comprises SRAM circuits 
which use wiring of the aforementioned standard wiring layers for their internal wiring, and [b] 
the wiring passing over said SRAM circuits is wired on*"* the aforementioned diagonal wiring 
layers. 

[0037] Moreover, another special feature of the present invention is the fact that [a] the 
aforementioned standard wiring layers are composed of three layers, and [b] the first layer wiring 
and third layer wiring of the aforementioned standard wiring layers are laid out in a direction 
parallel to the cell rows which consist of rows of logic cells made up of the aforementioned unit 
elements. 



^ Wording unclear in the original - Translator. 
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[0038] Furthermore, another special feature of the present invention is the fact that the 
aforementioned standard wiring layers are composed of two layers. 

[0039] Likewise, another special feature of the present invention is the fact that it provides a 
semiconductor integrated circuit wiring method for wiring the elements of a semiconductor 
integrated circuit; said semiconductor integrated circuit wiring method being characterized in 
that it includes [a] a step of forming standard wiring layers in the X-Y direction comprising m 
layers (m>2) of wiring in which the nth layer (n>2) wiring and the (n-l)th layer wiring cross 
each other perpendicularly, and [b] a step of forming diagonal wiring layers [i] which comprise 
the (m+l)th layer wiring and the (m+2)th layer wiring that cross each other perpendicularly, [ii] 
which cross the aforementioned standard wiring grids at an angle of 45° or 135°, [iii] in which 
the line pitch between the wiring lines of the (m+l)th layer and between the wiring lines of the 
(m+2)th layer is set at V2 times the line pitch between the wiring lines of the respective layers of 
the aforementioned standard wiring layers, and [iv] in which the wiring line width of the (7n+l)th 
layer wiring and the (m+2)th layer wiring is set at V2 times the wiring line width of the 
respective layers of the aforementioned standard wiring layers. 

[0040] Moreover, another special feature of the present invention is the fact that the 
aforementioned semiconductor integrated circuit wiring method further includes [a] a step of 
extracting from wiring nets formed by the aforementioned standard wiring layers [any] wiring 
net(s) which generate(s) a delay exceeding the specified delay time, and [b] a step of inserting a 
signal-amplifying buffer cell in a position over said extracted wiring net(s) in which this buffer 
cell can be connected to the wiring of the aforementioned diagonal wiring layers. 

[0041] Furthermore, another special feature of the present invention is the fact that the 
aforementioned semiconductor integrated circuit wiring method further includes [a] a step of 
defining cells which are made up of the aforementioned plurality of unit elements, and [b] a step 
of defining in said cells an obstacle region where wiring cannot be done as a pattem which 
follows the wiring direction of the aforementioned diagonal wiring layers. 

[0042] Furthermore, another special feature of the present invention is the fact that in the 
aforementioned step of defining an obstacle region, the aforementioned (m+l)th layer wiring or 
the aforementioned (m+2)th layer wiring is laid out near the corners of that region. 

[0043] Moreover, another special feature of the present invention is the fact that the 
aforementioned semiconductor integrated circuit wiring method further includes a step of 
replacing a specified portion of one of two parallel wiring lines in the same layer (among wiring 
lines of any of the aforementioned m layers of the aforementioned standard wiring layers) with 
wiring of [one of] the aforementioned diagonal wiring layers, in cases where one of the 
aforementioned two wiring lines induces noise in the other wiring line. 

[0044] Moreover, another special feature of the present invention is the fact that the 
aforementioned semiconductor integrated circuit wiring method further includes a step of 
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inserting buffer cells in the wiring path of the aforementioned diagonal wiring layer that is used 
as the aforementioned replacement. 

[0045] Likewise, another special feature of the present invention is the fact that it provides a cell 
layout method for laying out cells in a semiconductor integrated circuit; said cell layout method 
being characterized in that it includes [a] a step of forming standard wiring layers in the X-Y 
direction comprising m layers (m>2) of wiring in which the nth layer (n>2) wiring and the 
(«-l)th layer wiring cross each other perpendicularly, [b] a step of f orming diagonal wiring 
layers [i] which comprise the (m+l)th layer wiring and the (/n+2)th layer wiring that cross each 
other perpendicularly, [ii] which cross the aforementioned standard wiring layers at an angle of 
45° or 135°, and [iii] in which the line pitch between the wiring lines of the (m+l)th layer and 
between the wiring lines of the (m+2)th layer is set at V2 times the line pitch between the wiring 
lines of the respective layers of the aforementioned standard wiring layers, and [c] a step of 
laying out cells comprising a plurality of unit elements according to a specified cutting method 
which uses X-Y direction cut lines corresponding to the wiring direction of the aforementioned 
standard wiring layers and diagonal-direction cut lines corresponding to the wiring direction of 
the aforementioned diagonal wiring layers. 

[0046] Moreover, another special feature of the present invention is the fact that the 
aforementioned semiconductor integrated circuit wiring method further includes [a] a step of 
establishing first paths formed by bringing close to each other wiring lines of the aforementioned 
diagonal wiring layers from points 1 and 2, [b] a step of establishing second paths formed by 
bringing close to each other wiring lines of the aforementioned diagonal wiring girds from points 
3 and 4, [c] a step of forming unit wiring patterns which are configured by connecting the 
aforementioned first paths and the aforementioned second paths by means of the wiring of [one' 
of] the aforementioned standard wiring layers, and [d] a step of forming tree-shaped wiring 
paths, which supply clock signals to cells made up of the aforementioned plurality of unit 
elements, by combining the aforementioned unit wiring patterns. 

[0047] In addition, another special feature of the present invention i«; the fact that it provides a 
semiconductor integrated circuit wiring method for wiring the elements of semiconductor 
integrated circuits; said semiconductor integrated circuit wiring method being characterized in 
that it includes [a] a step of forming standard wiring layers in the X-Y direction comprising m 
layers (m>2) of wiring in which the «th layer (n>2) wiring and the (n-l)th layer wiring cross 
each other perpendicularly, [b] a step of forming diagonal wiring layers [i] which comprise the 
(/n+l)th layer wiring and the (m+2)th layer wiring that cross each other perpendicularly [ii] 
which cross the aforementioned standard wiring layers at an angle of 45° or 135° and [iii] in 
which the line pitch between the wiring lines of the (m+l)th layer and between the wiring lines 
of the (m+2)th layer is set at V2 times the line pitch between the wiring lines of the respective 
layers of the aforementioned standard wiring layers, [c] a step of making connections from a 
PLL (Phase Locked Loop) located in the corner of the chip to the central region of the chip using 
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the wiring of the aforementioned diagonal wiring layers, and [d] a step of making hierarchical 
connections from the aforementioned central region of the chip to the aforementioned [sic] flip- 
flop circuits in the aforementioned chip via buffer cells, so that the RC product is balanced. 

[0048] Furthermore, another special feature of the present invention is the fact that it provides a 
semiconductor integrated circuit wiring method for wiring elements of semiconductor integrated 
circuits; said semiconductor integrated circuit wiring method being characterized in that it 
includes [a] a step of forming standard wiring layers in the X-Y direction comprising m layers 
(m>2) of wiring in which the nth layer (n>2) wiring and the (n-l)th layer wiring cross each other 
perpendicularly, [b] a step of forming diagonal wiring layers which comprise the (/n+l)th layer 
wiring and the (/n+2)th layer wiring that cross each other perpendicularly, which cross the 
aforementioned standard wiring layers at an angle of 45° or 135°, and in which the line pitch 
between the wiring lines of the (m+l)th layer and between the wiring lines of the (m+2)th layer 
is set at V2 times the line pitch between the wiring lines of the respective layers of the 
aforementioned standard wiring layers, [c] a step of forming SRAM circuits which use wiring of 
the aforementioned standard wiring layers for their internal wiring, and [d] a step of forming on 
the aforementioned diagonal wiring layers the wiring that passes over the aforementioned SRAM 
circuits. 

[0049] 

[Working Configurations of the Invention] Below, working configurations of the semiconductor 
integrated circuit and semiconductor integrated circuit wiring methods of the present invention 
are described in detail with reference to the attached figures. 

[0050] First Working Configuration 

In the first working configuration, above standard wiring grids [consisting] of a first layer and a 
second layer that cross each other perpendicularly, diagonal wiring grids are provided which 
cross these standard wiring grids at an angle of 45° or 135° and which are formed by a third layer 
wiring and a fourth layer wiring that cross each other perpendicularly. The line pitch between 
the wiring lines of the third layer and between the wiring lines of the fourth layer as well as the 
line width of these diagonal wiring grids are set at V2 times the line pitch of the wiring lines of 
the standard wiring grids. As a result, in this working configuration, i:he line length is shortened, 
RC delays are reduced, and noise resistance is improved. 

[0051] Figure 1 is a layout diagram which shows the wiring grid structure of a semiconductor 
integrated circuit apparatus according to the first working configuration of the present invention. 
Figure 2 is a plan view which shows one example of a wiring structure for the case of 
implementing wiring based on a wiring grid structure such as that shown in Figure 1. In 
addition. Figure 3 is a cross-sectional view along line A-A in Figure 2.^ 



' Translator's note: The original erroneously reads "Figure 4." 
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[0052] As in the conventional technology of Figure 28, the wiring structure of the first working 
configuration comprises wiring grids in which the wiring of the first layer and the second layer 
crosses each other perpendicularly, and in which the wiring of the th ird layer and the fourth layer 
crosses each other perpendicularly, as shown in Figure 1. Specifically, the grids are positioned 
so that the third layer and the fourth layer cross the first layer at 45° and 135° respectively. 

[0053] 1 in Figure 1 is the wiring grid of the first layer, and, formed, as the layer above it and 
crossing it perpendicularly, is a wiring grid 2 of the second layer, Vj^oreover, a wiring grid 3 of 
the third layer which is at a 45° diagonal direction in relation to the wiring grid 1 of the first layer 
and a wiring grid 4 of the fourth layer which is at a 135° diagonal direction in relation to the 
wiring grid 1 of the first layer are positioned in sequence. 

[0054] Here, the first working configuration is such that the line pitch between the wiring lines 
of the third layer wiring 3 and between the wiring lines of the fourth layer wiring 4, both of 
which are laid out in the diagonal direction, is set wider than [the line pitch] between the wiring 
lines of the first layer wiring 1 and between the wiring lines of the second layer wiring 2. In 
concrete terms, the line pitch between the wiring lines of the third layer wiring 3 and between the 
wiring lines of the fourth layer wiring 4 is set at V2 times the line pitch (k) between the wiring 
lines of the first layer wiring 1 and between the wiring lines of the second layer wiring 2 (i.e., V2 

[0055] Consequently, between the strata of the upper-layer diagonal wiring grids^ (the third 
layer 3 and fourth layer 4) and the lower-layer X-Y wiring grids (tlie first layer 1 and second 
layer 2), shifting of grid points can be avoided. As a result, it is possible to facilitate the wiring 
design. Specifically, via holes between the second layer and the thirl layer can be positioned at 
the grid intersections of the first layer and the second layer, so that it is possible to use adjacent 
grids in the wiring of the first layer or the second layer. 

[0056] In addition, in the first working configuration, with the line pitch (V2 • X), the wiring line 
width of the third layer wiring 3 and the fourth layer wiring 4 which are laid out in a diagonal 
direction is set wider than [the wiring line width] of the first layer wiring 1 and the second layer 
wiring 2. In concrete terms, as shown in Figure 2, the wiring line width of the third layer wiring 
3 and the fourth layer wiring 4 is set at a/2 times the wiring line widtli (d) of the first layer wiring 
1 and the second layer wiring 2 (i.e., V2 • d). As described above, b(;cause the line pitch of the 
third layer and the fourth layer is V2 times as wide, line spacing indicated by p in Figure 2 does 
not violate any design rule. Consequently, it is possible to increase wiring line width without 
contradicting any design rules. 



Translator's note: The original erroneously reads "the upper-layer X-Y wiring grds." 
^ Translator's note: The original erroneously reads "the third layer 4." 
^ Translator's note: The original erroneously reads "the lower-layer diagonal wirinj; grids." 
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[0057] In the example shown in Figure 3, the first layer wiring 1 is first laid out in the vertical 
direction, then the second layer wiring 2 is laid out in a direction perpendicular to it. [Then,] in a 
diagonal direction relative to these [layers], the third layer wiring 3 and the fourth layer wiring 4 
are laid out. 12 in the figure is a via hole positioned between the fii st layer wiring 1 and the 
second layer wiring 2. 13 is a via hole positioned between the second layer wiring 2 and the 
third layer wiring 3. Furthermore, 14 is a via hole positioned betwe en the third layer wiring 3 
and the fourth layer wiring 4. 

[0058] In the first working configuration, assuming the characterisi ics of the aforementioned 
wiring line pitch and wiring line width, the wiring film thickness of the third layer wiring 3 and 
the fourth layer wiring 4 which are laid out in the diagonal directior. is set greater than that of the 
first layer wiring 1 and the second layer wiring 2. In concrete terms., as shown in Figure 3, the 
wiring film thickness of the third layer wiring 3 and the fourth layei wiring 4 is set at V2 times 
the wiring film thickness'^ (t) of the first layer wiring 1 and the second layer wiring 2 (i.e., V2 • 
t). Furthermore, 10 in Figure 3 is the semiconductor substrate on w iich transistors are formed, 
and 11 is an interlayer insulating film. By using the aforementioned structure in which the 
wiring line width and wiring film thickness of the third layer and th(5 fourth layer are set at V2 
times those of the first layer and the second layer, the cross-sectional area of the wiring lines of 
the third layer wiring and the fourth layer wiring becomes twice the cross-sectional area of [the 
wiring lines of] the first layer wiring and the second layer wiring, as shown by the following 
formula: 

[0059] V2 X V2 = 2 

Because of this, the wiring resistance for each unit of length becomes 1/2 that of the wiring lines 
of the first layer and the second layer. Meanwhile, the area facing the adjacent wiring lines also 
becomes V2 times greater. However, because the spacing between adjacent wiring lines 
becomes V2 times greater as well, the capacitance between adjacent wiring lines in the third layer 
wiring and the fourth layer wiring is the same as the capacitance between adjacent wiring lines in 
the first layer wiring and the second** layer wiring. Because the wiring resistance is 1/2 and the 
capacitance between adjacent wiring lines is the same, the RC delay of wiring line per unit of 
length becomes 1/2 that of the wiring lines in the first layer and the second layer. The wiring RC 
delay refers to the delay caused by the resistance component and the capacitance component of 
the wiring. 

[0060] As described above, according to the first working configuration, the line pitch between 
the wiring lines of the third layer wiring and between those of the fourth layer wiring is set at V2 
times the line pitch between the wiring lines of the first layer wiring and between those of the 
second layer wiring. As a result, it is possible to avoid the shifting of the grid points between the 



'° Translator's note: the original erroneously reads "the wiring line width." 
Translator's note: the original erroneously reads "first," 
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Strata of the upper-layer diagonal wiring grids and the lower-layer .standard wiring grids, and to 
facilitate the wiring design. 

[0061] Furthermore, because the wiring line width is also set at V2 times greater, the RC delay 
of the wiring can be reduced. Moreover, because the wiring film thickness is also set at V2 times 
greater, the RC delay of the wiring can be even further reduced. As a result, a great effect can be 
obtained from the standpoint of increasing the operating speed of circuits with relatively long 
wiring. 

[0062] Second Working Configuration 

In the second working configuration, in a multi-layer wiring structure using the diagonal wiring 
grids of the first working configuration, repeater cells (buffer cells) are additionally inserted in 
the wiring, resulting in a working configuration which prevents the occurrence of timing errors 
due to wiring delays. 

[0063] Figures 4 (a), (b), (c) and (d) are diagrams showing the process of inserting repeater cells 
m the second working configuration. Figures 5 (a) and (b) are diagrams for explaining the 
wiring delay. Using Figure 4 and Figure 5 for reference, the process, of inserting repeater cells in 
the second working configuration is described in concrete terms. 

[0064] First, by using only the first layer and the second layer, all of the nets are wired only with 
the X-Y direction wiring. Next, using a simulator, the delay is anal3'zed, and any nets that are 
causing timing errors are extracted. In regard to these extracted nets, the following processing is 
performed: 

[0065] Specifically, for the nets which have caused timing errors, repeater cells are inserted. As 
to the positions where these repeater cells are inserted, the repeater c.jlls are inserted in positions 
where connections can be made to wiring in the diagonal direction by using the third layer and 
the fourth layer. The wiring length can be shortened with the use of Ihe third layer and the fourth 
layer. 

[0066] For example, suppose that a timing error has occurred at a nei: as shown in Figure 4 (d) 
For this net, as shown in Figures 4 (a), (b) and (c), three kinds of insertion positions and wiring 
directions for a repeater cell 20 to be inserted between a cell 21 and a cell 22 are conceivable In 
the example of Figure 4 (a), X-direction wiring 23 is first used and then, after inserting the 
repeater cell 20, diagonal wiring 25 is used. In the example of Figure 4 (b), the repeater cell 20 
IS first inserted, and after using diagonal-direction wiring 34, X-direction wiring 35 is used In 
the example of Figure 4 (c), the repeater cell 20 is first inserted, and after X-direction wiring 45 
is used, diagonal-direction wiring 46 is used. 

[0067] The difference between the insertion positions of the repeater cell in Figures 4 (a) (b) 
and (c) results in a difference in the allocation of the delay to [the section] between the cell 21 
which outputs the signal and the repeater cell 20 vs. [the section] between the repeater cell 20 
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and the cell 22 which performs signal inputting. Comparing the examples of Figure 4 (a) and 
Figure 4 (b), the delay between the cell 21 and the repeater cell 20 :,s less with the example of 
Figure 4 (b) than with the example of Figure 4 (a). In contrast, the delay between the repeater 
cell 20 and the cell 22 is less with the example of Figure 4 (a) than with the example of Figure 4 
(b). As to which example reduces the actual delay, it depends on thie transistor size in the cell 21 
and the repeater cell 20. Consequently, in general, it is necessary to analyze the delays for all of 
the conceivable combinations and to make a final decision as to ho^v to use the insertion position 
and wiring direction of the repeater [cell]. The example of Figure 4 (c), however, clearly has a 
greater delay than the other examples. 

[0068] Concerning wiring line width, according to the Elmore'^ fomiula for calculating wiring 
delay, the approach of making the wiring line width gradually narrower, [as the line moves 
away] from the signal-outputting cell, shortens the wiring delay. Specifically, the approach of 
first using a broader line width 63 and then transitioning and using a narrower line width 64, as 
shown in Figure 5 (a), results in a shorter wiring delay than the approach shown in Figure 5 (b) 
of first using a narrower line [width] 73 and then transitioning and using a broader line width 74. 

[0069] Because diagonal-direction wiring is V2 times wider than wiring running along the X and 
Y axes, the approach of first using diagonal-direction wiring, then transitioning and using wiring 
in the X or Y direction results in shorter wiring delays than with the approach of first using X- or 
Y-direction wiring and then transitioning and using diagonal-direction wiring. In other words, it 
can be understood that the example of Figure 4 (b) results in a short(jr wiring delay than the 
example of Figure 4 (c). 

[0070] Consequently, when using diagonal wiring, the rules for ins(;rting repeater cells can be 
set as follows: 

[0071] (1) Connect the diagonal wiring to the wiring near the signal output terminals. 

(2) With signal output terminals, connect the diagonal wiring. 

(3) Use diagonal wiring for the wiring near the signal output terminals of the repeater cell. 

(4) Connect diagonal-direction wiring to the signal output terminals of the repeater cell. 

(5) Position repeater cells in positions where diagonal wiring can be connected to signal output 
terminals. 

[0072] If the above rules are followed, the structure of the repeater cells can be specified as 
follows: 

[0073] (1) Form signal input terminals so that they can be easily connected to the wiring in the 
X-Y direction. Specifically, form the signal input terminals in the first layer. 
(2) In addition, form signal output terminals so that they can be easily connected to the wiring in 
the diagonal direction. Specifically, form the signal output terminals in the third layer. 



Spelling uncertain - Translator. 
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[0074] As described above, according to the second working configuration, in order to prevent 
the generation of timing errors due to wiring delays, when repeater cells are inserted in the 
wiring nets to relay and amplify a signal, diagonal wiring grids are used, and repeater cells are 
inserted in positions where they can be connected to these diagonal wiring grids. Therefore, the 
repeater cells can be inserted under the optimum conditions, and shortening of wiring length and 
further reduction of wiring delay is possible. 

[0075] Third Working Configuration 

The third working configuration is a working configuration which, :in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, resolves 
the lack of wiring resources in the direction of the cell row by providing a wiring channel in a 
direction parallel to the cell row. 

[0076] Figure 6 is a layout diagram showing a semiconductor integrated circuit structure 
according to the third working configuration of the present invention. 

[0077] The semiconductor integrated circuit of Figure 6 has a plurality of cell rows 80 formed 
by placing logic cells in a row pattern. Above this plurality of cell rows 80, multi-layer wiring is 
formed having diagonal wiring grids shown in Figure 1. 

[0078] In concrete terms, 1 in Figure 6 is the metal wiring of the first layer, 2 is the metal wiring 
of the second layer, 3 is the metal wiring of the third layer, and 4 is the metal wiring of the fourth 
layer. In the configuration of Figure 6, a wiring channel 85 which is formed by each of the metal 
wiring 1, 2, 3 and 4 is formed in a direction parallel to each cell row 80. Specifically, the wiring 
channel 85 is provided in a direction parallel to cell rows 80. As a result, with a small number of 
wiring layers, [adequate] wiring resources can be ensured in the cell row direction, which 
requires relatively more wiring resources. 

[0079] As explained above, through use of the third working configuration, the lack of wiring 
resources in the cell row direction, which requires relatively more wiring resources, can be 
resolved, and [adequate] wiring resources can be ensured, using a small number of wiring layers. 

[0080] Fourth Working Configuration 

The fourth working configuration is a working configuration in which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, the 
shape of the cut area of the via holes which connect diagonally crossing wiring lines is improved 
so that the area is not inadequate. 

[0081] Figures 7 (a), (b), (c) and (d) are each partial plan views showing the shape of 
semiconductor integrated circuit via holes according to the fourth working configuration. 
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[0082] In the case of semiconductor integrated circuits according to the fourth working 
configuration, via holes whose longitudinal areas are octagonal, pai allelogram-shaped or 
hexagonal are used as shown in Figures 7 (a), (b), (c) or (d) when connecting X-Y direction 
wiring (i.e., the first layer or the second layer) with diagonal-direction wiring (i.e., the third layer 
or the fourth layer) which forms an angle of 45° or 135° with respect to the X-Y direction wiring 
m the multi-layer wiring structures having the diagonal wiring grid:; shown in Figure 1. By 
using via holes with such cross-sectional shapes, it is possible to make via hole cuts which have 
sufficient cross-sectional areas as required between crossing wiring layers. 

[0083] In the example of Figure 7 (a), an octagonal via hole 90A is formed at the intersection of 
X-Y direction wiring 91 and diagonal-direction wiring 92. In the example of 7 (b), a 
parallelogram-shaped via hole 90B is formed at the intersection of X-Y direction wiring 91 and 
diagonal-direction wiring 92. 

[0084] In the example shown in Figure 7 (b), furthermore, a case can be imagined where [two] 
such via holes are [placed] unusually closed to each other. To prevent this, the hexagonal shapes 
shown in Figure 7 (c) and Figure 7 (d) are provided. In the example of Figure 7 (c), a hexagonal 
via hole 90C is formed at the intersection of X-Y direction wiring 91 and diagonal-direction 
wiring 92. Furthermore, in the example of Figure 7 (d), a hexagonal via hole 90D is formed at 
the intersection of X-Y direction wiring 91 and diagonal-direction v/iring 92. 

[0085] As mentioned above, according to the fourth working configuration, the cross-sectional 
shapes of via holes which connect diagonally crossing wiring are oci agonal, parallelogram- 
shaped or hexagonal. As a result, sufficient cut areas are ensured foi- via holes which connect 
diagonally crossing wiring. 

Fifth Working Configuration 

The fifth working configuration is a working configuration which optimally defines wiring 
regions having obstacles in a multi-layer wiring structure using the diagonal wiring grids of the 
aforementioned working configurations. 

[0086] Figures 8 (a) and (b) are diagrams showing cells or mega-cells in semiconductor 
integrated circuits according to the fifth working configuration of the present invention. 

[0087] 101 shown in Figure 8 (a) is [a structure of] cells formed of a plurality of unit elements 
or a mega-cell which combines a plurality of such cells. These cells or this mega-cell 101 is 
divided into effective regions 102 and a transistor region 103 formed by 45° lines 101a in the 
four comers as borders. In the transistor region 103, transistors and ccjUs of lower hierarchy 103a 
are laid out. On the other hand, no transistors or lower-hierarchy cells are laid out in the 
effective regions 102 because they are provided to use the four comers of the cell effectively, for 
example, for the purpose of relieving wiring congestion (described be low) occurring in the 
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vicinity of the four comers of the cell. In the descriptions of cells below, the term "cell" includes 
the aforementioned "mega-cell." 

[0088] Furthermore, as shown in Figure 8 (b), for the wiring to be laid out in the transistor 
region 103 of the aforementioned cell 101, it is preferable to use the aforementioned 45" or 135° 
diagonal wiring 1 13, especially in the vicinity of the four corner lines 101a. 

[0089] In this way, when designing cells or mega-cells, by creating the aforementioned effective 
regions and making a configuration which does not use the four comers, wiring obstacles can be 
defined to be in a form that follows the 45° or 135° diagonal wiring. This point is described 
next. 

[0090] Figures 9 (a) and (b) are diagrams showing examples of obstacles to wiring according to 
the fifth working configuration. In the example of Figure 9 (a), the regions of obstacles in the 
cell 101 are defined as a collection of small rectangles 122. Here, a "region of obstacles" is a 
region for the purpose of defining obstacles to wiring in wiring design. 

[0091] In the example shown in Figure 9 (b), the obstacle region in the cell 101 is defined by a 
polygon or a collection of them. Specifically, in the example shown in Figure 9 (b), in the case 
where there are two obstacle regions, they are defined by trapezoids 132 and 133 respectively. 

[0092] With the example shown in Figure 9 (a), there is the difficulty in that the amount of data 
for CAD design becomes large. With the example shown in Figure 9 (b), in contrast, the 
obstacle region can be defined by a [relatively] small amount of data. 

[0093] Figures 10 (a) and (b) are diagrams showing the effect of the fifth working configuration. 

[0094] In the ordinary X-Y wiring grid model, as shown in Figure 10 (a), the obstacle region 
142 within the cells or mega-cell 141 is defined as a collection of rectangles which cross 
perpendicularly. If wiring is performed perpendicularly using these cells or mega-cell 141, the 
degree of congestion of wiring 143 in the areas near the four comers 144 increases, and this 
causes the problem that the degree of integration of the chip decreases. 

[0095] On the other hand, if wiring is done using cells and mega-cell 101 built according to the 
method of the aforementioned fifth working configuration, as shown in Figure 10 (b), the 
obstacle region 152 is defined in a configuration that does not use thii four corners of the cells or 
mega-cell. This obstacle region 152 can be defined as a shape whichi follows the diagonal 
wiring. Therefore, the degree of congestion of wiring 153 in the areas 154 near the 
aforementioned four corners can be relieved, and the degree of integi ation of the chip is 
improved. 

[0096] As described above, according to the fifth working configuration, in the design of cells or 
mega-cells, the obstacle region is defined by shapes along the diagonal wiring having a 
configuration in which the four corners of the cells or mega-cell are not used. Consequently, the 
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four corners of the cell(s) can be used effectively. Furthermore, the degree of wiring congestion 
in the aforementioned areas near the four corners can be relieved, thus improving the degree of 
integration of the chip. 

[0097] Sixth Working Configuration 

The sixth working configuration is a working configuration which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, controls 
the crosstalk noise which occurs in a case where there is wiring that is laid out parallel in the 
same layer. 

[0098] Figures 1 1 (a), (b), and (c) are diagrams showing the principal elements of a 
semiconductor integrated circuit structure according to the sixth working configuration of the 
present invention. Moreover, for the elements which are in common with those of Figure 6, the 
same symbols have been assigned, and the explanation of them has been omitted. 

[0099] As shown in Figure 11 (a), a case is considered in which wiring lines 161 and 162 are 
laid out in parallel in the same layer. In the sixth working configuration, a change in the wiring 
layer is made such that a midsection of one of the wiring lines (for example, the wiring 162) is 
replaced by diagonal-direction wiring 173 and/or 174 which forms a 45° or 135° angle with said 
wiring 162, as shown in Figure 1 1 (b). By replacing this wiring, the distance that two wiring 
lines of the same layer run parallel is shortened, so that the generation of crosstalk noise can be 
controlled. 

[0100] Furthermore, suppose that, of the parallel wiring 161 and 162, the wiring 161, for 
example, generates the noise and that the wiring 162 receives the noise. When changing the 
wiring 162 with the aforementioned diagonal-direction wiring 173 and/or 174, one or more 
buffer cells 183 are inserted on the diagonal-direction wiring 173 and/or 174. 

[0101] By inserting buffer cell(s) in the diagonal-direction wiring path in this way, it is possible 
to completely prevent noise propagation. For example, if the length of the parallel run is limited 
so that the voltage level of crosstalk noise generated between two wiring lines that are laid out 
parallel in the same layer does not exceed the theoretical threshold of the aforementioned buffer 
cell(s) 183 inserted for noise cancellation, then complete suppression of noise is possible. 

[0102] As described above, with the sixth working configuration, a change in wiring layer is 
made so that the midsection of one of the wiring lines laid out in parallel in the same layer is 
replaced by diagonal-direction wiring. Furthermore, buffer cell(s) are inserted in the diagonal- 
direction wiring path used as the replacement. Consequently, the distance that two wiring lines 
run parallel within the same layer is shortened, allowing the control of the generation of crosstalk 
noise. 

[0103] Seventh Working Configuration 
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The seventh working configuration, in a multi-layer wiring structure which uses the diagonal 
wiring grids of the aforementioned working configurations, is a working configuration in which 
the wiring resources of the diagonal wiring grids are used for supplying power. 

[0104] Figure 12 is a diagram showing the configuration of the principal elements of a 
semiconductor integrated circuit according to the seventh working configuration of the present 
invention. For the elements which are in common with those of Figure 6, the same symbols have 
been assigned, and the explanation of them is omitted. 

[0105] As shown in Figure 12, a part of the third layer wiring 3 and the fourth layer wiring 4, 
which are positioned in layers above the first layer wiring 1 and the second layer wiring 2, are 
used as power-supply wiring 191 for supplying power. In this way, a part of the wiring 
resources of the diagonal-direction general signal lines is used for supplying power, and it is 
possible to compensate for any power that is lacking in cell rows 80. 

[0106] As described above, according to the seventh working configuration, a part of the wiring 
resources of the diagonal-direction general signal lines'^ is used as wiring for supplying power. 
As a result, it is possible to compensate for any power that is lacking in cell rows. 

[0107] Eighth Working Configuration 

The eighth working configuration is a working configuration in which the layout of cells are 
optimized in a multi-layer wiring structure using the diagonal wiring grids of the aforementioned 
working configurations. 

[0108] Figures 13 (a) and (b) are diagrams showing the method of positioning cells in a 
semiconductor integrated circuit according to the eighth working configuration of the present 
invention. 

[0109] Normally, in LSI design by means of CAD, the method of cell layout is created 
considering how to make wiring lengths short and [provide] ease of wiring. In such cases, for 
the task of determining which cell to place where, the following method which uses a "top- 
down" approach is adopted. 

[01 10] With this conventional method, as shown in Figure 13 (b), first, the collection of cells 
which is to be positioned is divided into two parts by a cut line 260 in the X-Y direction. Next, 
cells 201 and 210 are positioned so that the number of wiring lines which cross this cut line 260 
is small. Afterward, dividing by two is similarly performed again using cut lines, and the "divide 
by two" process is repeated until all regions are reduced to the smallest unit. The conventional 
method described here is called the "mini-cut" method. 



*^ a typographical error in the Japanese original text ignored - Translator. 
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[01 1 1] Here, the conventional cut lines 260 are vertical and horizontal straight lines 
corresponding to the wiring grids in the X-Y direction as shown in I'lgure 13 (b). However, once 
the aforementioned diagonal-direction wiring lines have been provided, objects having a 45° 
angle appear (for example) as obstacles to wiring as described in the: fifth working configuration. 
Therefore, it is not possible to achieve optimum cell positioning only using vertical and 
horizontal cut lines 260. 

[01 12] In light of this, in the eighth working configuration, in addition to the conventional 
vertical and horizontal cut lines crossing perpendicularly, diagonal-direction cut lines 250 are 
used as shown in Figure 13 (a). Cells 201 and 210 are positioned so that the number of wiring 
lines which cross these diagonal-direction cut lines 250 are minimized. In this way, it is possible 
to determine cell positioning which enables optimal wiring in the ve rtical, horizontal and 
diagonal directions. As a result, an increase in the degree of integration of LSIs is possible. 

[0113] As described above, according to the eighth working configuration, when designing the 
cell layout in LSI design, cells are positioned by the mini-cut method using cut lines in the 
diagonal direction. As a result, in multi-layer wiring structures using diagonal wiring grids, it is 
possible to optimize cell positioning so that optimal wiring is achieved. Consequently, the 
degree of integration of LSIs can be increased. 

[0114] Ninth Working Configuration 

The ninth working configuration is a working configuration which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, 
optimizes the clock tree structure through wiring design for clock supply in the case where 
diagonal-direction wiring is used, so that the variation in wiring RC delays is minimized. 

[01 15] Figures 14 (a), (b), (c) and (d) are diagrams for explaining th(j basic structure of clock 
trees in a semiconductor integrated circuit apparatus according to the ninth working 
configuration of the present invention. 

[01 16] In general, a ti'ee-shaped wiring pattern is used in order to provide a clock signal delay in 
each path. In such a case, if a multi-layer wiring structure with wiring grids only in the X-Y 
direction is used, [the structure] is such that the wiring features repetition of the H-type wiring 
pattern shown in Figure 14 (b), as shown roughly in Figure 14 (d). 

[0117] The ninth working configuration adopts a structure in which a pattern utilizing diagonal- 
direction wiring shown in Figure 14 (a) is repeated, in building this kind of tree wiring paths, as 
shown in Figure 14 (c). Specifically, as shown in Figure 14 (a), the paths are connected using 
diagonal wiring grids starting from the four points PI, P2, P3 and P4 and are gradually made to 
approach one another. The two points P5 and P6 where the pairs of points PI and P2 as well as 
P3 and P4 join are in turn connected by wiring in a wiring layer of either the vertical or 
horizontal direction, so that the pattern in Figure 14 (a) is obtained. Here, the branching points 
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of the paths P5 and P6 are positioned so that the delays in downstream signal distribution are 
equal. 

[0118] When the wiring pattern of the ninth working configuration shown in Figure 14 (a) is 
compared with the conventional H-type wiring pattern shown in Figure 14 (b), the difference in 
wiring length is only a few percent, but in terms of the wiring RC delay, there is an advantageous 
difference. Suppose that the wiring resistance r per unit length in each wiring layer and the 
wiring capacitance c are the same, and moreover, that there is no capacitance load at the 
terminals. In such a case, the wiring delay Dh of the conventional H-type wiring pattern shown 
in Figure 14 (b) is obtained by the following equation: 

[0119] 

DH = rl(2cl) + l/2rl«cl = 2.5rcP (1) 
(where 1 is the length of the wiring in Figure 14) 

On the other hand, the wiring delay Dd of the wiring pattern of the ninth working configuration 
shown in Figure 14 (a) is obtained from the following equation: 

[0120] 

Dd=l/2r(V21)«c(V21) = rcl2 (2) 

Furthermore, since the distance between P5 and P6 in Figure 14 (a) is very small, it can be 
ignored in the calculation of (2). 

[0121] Consequently, with the pattern of the ninth working configuration of Figure 14 (a), it is 
possible to reduce the RC delay by the amount [indicated by the equation] below, compared to 
the conventional H-type of Figure 14 (b). 

[0122] 

Dh - Dd = (2.5 - 1 ) rcl^ = 1 .Srcl^ (3) 

This reduction in RC delay is an effect which is obtained from the fact that the wiring branching 
occurs more upstream in the signal distribution. Furthermore, this effect of reducing delay 
becomes even greater if load capacitance is attached downstream. In addition, the wiring 
resistance of the diagonal-direction wiring used is generally smaller than the wiring resistance of 
X-Y direction wiring. As a result, this also becomes a causative factor in increasing the delay- 
reducing effect. 

[0123] Furthermore, in cases where clock terminals are distributed non-uniformly, it is not 
possible to find a delay balance point on the lines in Figure 14 (a) in some cases. In such cases, 
the wiring pattern is modified, as shown in Figure 15. By means of this wiring pattern in Figure 
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15, it is possible to establish the balance point accurately. This wiring pattern of Figure 15 can 
be partially used in the overall clock tree of Figure 14 (c). 

[0124] Moreover, as shown in Figure 16 (b), in the area near the output terminals of buffers 310 
inserted in a mid-point in the tree, in some cases "round about" paths 311 may be provided to 
make the delays equal to those of other buffers. In such cases, by using diagonal-direction 
wiring shown in Figure 16 (a), it is possible to reduce the number of via holes. Consequently, in 
the structure of Figure 16 (a), the beneficial effects can be obtained in terms of reduction of via 
hole resistance and [better] resistance to electro-migration. 

[0125] Figures 17 (a), (b) and (c) show examples of wiring design using the "labyrinth" method 
as a specific wiring method for the case where the diagonal wiring grids in the 45° and 135° 
directions are created by automatic wiring. 

[0126] 320 and 321 in Figures 17 (a), (b) and (c) are the starting point and the ending point for 
pairs of terminals which should be mutually connected. 330 is a "no-wiring" region in the chip 
core region. The layout of the wiring, from the starting point 320 to the end point 321, follows 
the path indicated by the thick line in Figures 17 (a), (b) and (c). The example shown in Figure 
17 (a) illustrates wiring in which both X-Y direction wiring and diagonal-direction wiring are 
used. Figure 17 (b) shows an example in which wiring is performed by diagonal-direction 
wiring only. Furthermore, the example shown in Figure 17 (c) illustrates wiring in which X-Y 
direction wiring and 135° direction wiring are used. 

[0127] As described above, with the ninth working configuration, in constnicting tree paths, a 
configuration is used which combines unit wiring patterns which make use of diagonal-direction 
wiring. As a result, it is possible to reduce the wiring RC delay and constnict an optimal clock 
tree. 

[0128] Tenth Working Configuration 

The tenth working configuration is a working configuration in which, in a multi-layer wiring 
stnicture using the diagonal wiring grids of the aforementioned working configurations the X-Y 
direction wiring grids of Figure 3 are formed by means of three wiring layers which cross each 
other perpendicularly, making it possible to increase wiring resources in the cell row direction. 

[0129] Figure 18 is a layout diagram showing the wiring grid stnicture of a semiconductor 
mtegrated circuit according to the tenth working configuration of the present invention. Figure 
19 IS a cross-sectional diagram, as viewed from the direction of the X axis in Figure 18, of a 
wiring stnicture which is wired on the basis of the wiring grid stnicture shown in Figure 18. 

[0130] In Figure 18, the X-Y direction wiring grids are foniied by means of three layers of 
winng. Specifically, as shown in Figure 18, the wiring lines of a first layer 601, second layer 
602 and third layer 603 cross each other perpendicularly as do those of a fourth layer 604 and 
fifth layer 605, and thus form wiring grids. Here, the tenth working configuration provides the 
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third layer wiring 603 that runs in parallel to the first layer wiring 601. Specifically, the grids are 
laid out so that the fourth layer wiring and the fifth layer wiring cross the first layer [wiring] as 
well as the third layer wiring at 45° and 135° respectively. 

[0131] 601 in Figure 18 is the first layer wiring grid. In the layer above it, and crossing 
perpendicularly, the second layer wiring grid 602 is formed. In the layer above this second 
[layer] wiring grid 602, and crossing perpendicularly, the third [layer] wiring grid 603 is formed. 
Furthermore, crossing the first layer wiring grid 601 and third layer wiring grid 603 at an angle 
of 45°, the diagonal-direction fourth layer wiring grid 604 is formed. Next, crossing the first 
layer wiring grid 601 and third layer wiring grid 603 at an angle of 135°, the diagonal-direction 
fifth layer wiring grid 605 is formed. 

[0132] In the tenth working configuration, as in the first working configuration, the line pitch 
between the wiring lines of the fourth layer wiring 604 and between the wiring lines of the fifth 
layer wiring 605, which are laid out in the diagonal direction, are respectively set at V2 times the 
line pitch (X) between the wiring lines of the first layer wiring 601 and between the wiring lines 
of the second layer wiring 602, as well as between the wiring lines of the second layer wiring 
602 and the third layer wiring 603 (i.e., V2 • X). Furthermore, as shown in Figure 19, the wiring 
line width between [sic] the fourth layer wiring 604 and between [sic] the fifth layer wiring 605, 
which are laid out in the diagonal direction, are respectively set at V2 times the line pitch [sic] (t) 
between [sic] the wiring lines of the first layer wiring 601 and between [sic] the wiring lines of 
the second layer wiring 602, as well as between the wiring lines of the second layer wiring 602 
and the third layer wiring 603 (i.e., V2 • t). Moreover, for the first layer wiring 601, second layer 
wiring 602, and third layer wiring 603, it is desirable that the wiring line width, height and line 
pitch be defined at the minimum specified according to the design rules for wiring design. 

[0133] Returning to Figure 18, the first layer wiring 601 and third layer wiring 603 are formed 
in a direction parallel to the cell row direction. As a result, compared to the first working 
configuration, it is possible to increase wiring resources in the cell row direction even more. 
Moreover, the tenth working configuration differs from the third working configuration in that it 
does not provide wiring channels. 

[0134] In multi-layer structures based on wiring grids in the conventional X-Y direction which 
cross perpendicularly, in the case where a plurality of layers of wiring are formed in parallel, 
crosstalk noise is generated due to the parallel layout of the wiring. In the tenth working 
configuration, because it is a combination of diagonal wiring grids and parallel layout of wiring, 
it is possible to ensure wiring resources in the cell row direction while suppressing the generation 
of crosstalk noise. 

[0135] As described above, according to the tenth working configuration, the first layer wiring 
and third layer wiring are formed in a direction parallel to the cell rows, and in a layer above 
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them the aforementioned diagonal wiring grid is formed. As a result, wiring resources in the cell 
row direction can be ensured. 

[0136] Moreover, as a modified example of the tenth working configuration, one or more layers 
of winng grids may be formed on top of the diagonal wiring grids formed by the fourth layer 
wiring 604 and fifth layer wiring 605. These upper-layer wiring grids are formed by a pair of 
wiring grids consisting of the sixth layer wiring and seventh layer wiring (which cross each other 
perpendicularly) at a 45° angle with respect to the fifth layer wiring 605. After that, further build 
up is done by repeating this structure. Specifically, in addition to the standard wiring grids 
consisting of the aforementioned first layer wiring, second layer wiring and third layer wiring 
and the diagonal wiring grids consisting of the fourth layer wiring and fifth layer wiring a pair of 
wiring grids consisting of two layers, [p - l)th layer and/Pth layer, are formed which cross each 
other perpendicularly and which form a 45° angle with respect to the {p - 2)th layer wiring thus 
providing a wiring structure with q layers (where q>5). 

Here, the line pitch [between] the wiring lines of the (p - l)th layer and the/,th layer which cross 
each other perpendicularly is set at V2 times the line pitch [between] those of the {p - 2)th layer 
Furthermore, the wiring line width of the (p - l)th layer wiring and the pih layer wiring is set at 
V2 times the line pitch [sic] of the {p - 2)th layer wiring. Moreover, for the first layer wiring 
second layer wiring and third layer wiring, it is desirable that the wiring line width, height and 
line pitch be defined at the minimum specified according to the design rules for wiring design. 

[0137] With this modified example, it is possible to increase the degree of integration of circuits 
and to reduce wiring RC delay. 



[0138] Eleventh Working Configuration 



The eleventh working configuration is a working configuration in which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations circuit 
speed IS increased by using the wiring of wiring layers forming diagonal wiring grids for global 
wiring which is relatively long wiring. 

[0139] Figure 20 is a diagram which explains the wiring layout according to the eleventh 
working configuration. Figure 21 is a diagram which explains the global wiring according to the 
eleventh working configuration. Furthermore, to facilitate understanding, the following 
description uses an example in which, as in the tenth working configuration, the X-Y direction 
wiring grids are formed from the first layer wiring, second layer wiring and third layer wiring 
and the diagonal wiring grids are formed from the fourth layer wiring and fifth layer wiring 
However, it goes without saying that this can also be applied to the case in which the X-Y 
direction wiring grids are formed by the first layer wiring and second layer wiring as shown in 
the first working configuration. 
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[0140] As shown in Figure 20. in the eleventh working configuration, the upper layer wiring of 
the fourth layer wiring and the fifth layer wiring, which form the diagonal wiring grids, is used 
for global wiring. In global wiring, the delay characteristics which are generally required 
become a critical matter. Because these delay characteristics affect the overall circuit speed of 
the chip, the wiring RC delay, in particular, becomes an issue. Here, in the aforementioned 
working configuration, the RC delay of the upper layer wiring becomes half that of the lower 
layer wiring (i.e., the wiring in the X-Y direction). As a result, by using the wiring of the 
diagonal wiring grids constituting the upper layer wiring for global wiring, the operating speed 
of the circuit can be increased. On the other hand, it is desirable to use the lower layer wiring 
(i.e., the wiring in the X-Y direction) for local wiring. 

[0141] Moreover, here "global wiring" refers to the wiring used for such lines as clock net 
(clock wiring), bus and power supply reinforcing lines for the entire chip. For example, in the 
case of 0.25 ^m design rules, if wiring with wiring length of approximately 2.5 mm or greater is 
used for global wiring, then the wiring RC delay will become approximately 1.4 nsec. 
Incidentally, "local wiring" refers to wiring with wiring length shorter than the above. 

[0142] Furthermore, the line pitch of the X-Y direction wiring (lower layer wiring) which is 
used for such local wiring is narrower than the line pitch of the diagonal-direction wiring (upper 
layer wiring). In that case, it is desirable that cells with sti-ong drive power 610, such as (for 
example) clock buffers cells, buffer cells for bus use, etc., as shown in Figure 21, be directly 
connected to global wiring rather than going through the wiring of each layer (601 through 604) 
each time. For this reason, in the eleventh working configuration, a pattern for the output 
terminals of cells with strong drive power is a pattern which enables them to be directiy 
connected to the wiring of the diagonal wiring grids of the fourth and higher layers. As shown in 
Figure 22, the output terminals 704 of these cells with strong drive power are defined by access 
points where the diagonal wiring grids of the upper layer cross perpendicularly. 

[0143] By making the pattern of the output terminals of these cells in a form that enables them 
to be directly connected to global wiring, the wiring lengths related to these cells are shortened, 
and wiring design also becomes easier. Furthermore, by connecting directiy to the upper layer ' 
wiring of the diagonal wiring grids of the fourth and higher layers, it is possible to reduce the 
number of via holes and to reduce the resistance caused by via holes. 

[0144] As described above, according to the eleventh working configuration, wiring of wiring 
layers constituting diagonal wiring grids is used for global wiring, which is relatively long 
wiring. As a result, the wiring RC delay, which has a large impact on circuit characteristics, can 
be reduced, and circuit speed can be improved. 

Twelfth Working Configuration 

The twelfth working configuration is a working configuration which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, balances 
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the RC product as follows: specifically, a clock wiring structure for supplying clock [signals] 
from a PLL (Phase Locked Loop) circuit is such that the wiring is done from the PLL to the 
center of the chip using a diagonal wiring grid, and the wiring from this chip center to each flip- 
flop is defined by a tree structure. 

[0145] Figure 23 (a) is a diagram showing the conventional wiring method for clock supply 
from a PLL. Because a PLL 803 is a sensitive analog cell, due to circuit characteristics, it must 
be positioned at the edge of the chip. As a result, with the conventional method of using X-Y 
direction wiring 801, wiring lengths become long. Figure 23 (b) is a diagram showing the wiring 
method of the twelfth working configuration for clock supply from a PLL. With the twelfth 
working configuration, clock supply wiring 802 from the PLL 803"* to the chip center 804 is 
done using a diagonal wiring grid. As a result, wiring length is shortened, and also the wiring 
RC delay is reduced. As shown in Figure 24, the wiring from this chip center to the clusters 
made up by each flip-flop is done via buffer cells. Figure 25 is a diagram showing the clock tree 
of the twelfth working configuration. From each buffer cell, as shown in Figure 24, a clock 
wiring path is configured so that the RC product is balanced. Specifically, in order to balance 
the delay of the X-Y direction and the diagonal direction, the clock wiring path from the chip 
center is configured hierarchically. This hierarchical clock tree may be formed in the same way 
as in the aforementioned ninth working configuration as shown in Figure 26. Furthermore, a 
PLL may be substituted with a DLL. 

[0146] Furthermore, in making these clock wiring paths, it is desirable to give priority to use of 
upper-layer diagonal wiring grids and to set the wiring line width wide. Specifically, if the line 
pitch of the diagonal wiring grids is V2 times that of the lower-layer X-Y wiring grids, it is 
easier to use wider line widths in the diagonal wiring grids. As a result, it is possible to suppress 
any increase in the wiring RC delay which accompanies reduced [sic] wiring resistance R. 

[0147] As described above, according to the twelfth working configuration, by using a diagonal 
wiring grid for the clock supply wiring from the PLL to the chip center, the clock wiring paths 
are configured hierarchically in order to balance the delays of the X-Y direction and diagonal 
direction in the clock supply wiring running from this chip center to each flip-flop on the chip. 
As a result, the wiring length for clock supply is shortened, and also the wiring RC delay is 
reduced. 

[0148] Thirteenth Working Configuration 

The thirteenth working configuration is a working configuration which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, uses a 
diagonal wiring grid to pass wiring lines over an SRAM in cases where an SRAM is positioned 
in the chip. Moreover, the thirteenth working configuration also applies to the configuration 
where a DRAM is used instead of an SRAM. 



Translator's note: the original erroneously reads "PLL 802." 
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[0149] Figure 27 is a diagram which describes pass-through wiring lines which run over 
memories in the thirteenth working configuration. The lower-layer X-Y direction wiring layers 
1 and 2 are used, for example, for word lines and bit lines, and they are formed within an SRAM 
901. On the other hand, pass-through wiring lines 3 and 4 are wired using the upper-layer 
diagonal wiring grids. In other words, X-Y direction wiring 1 and 2 within the SRAM 901 and 
pass-through wiring 3 and 4'^ (using diagonal wiring grids) are not parallel as they are with 
conventional techniques. For this reason, compared to conventional techniques, coupling noise 
is reduced. 

[0150] As described above, according to the thirteenth working configuration, pass-through 
wiring lines which run over memories are formed by using the diagonal wiring grids crossing the 
internal wiring of the memories at an angle of 45° or 135°. As a result, coupling noise between 
wiring within the memories and pass-through wiring is reduced. 

[0151] Moreover, the present invention is not limited to the working configurations described 
above; within a scope that does not deviate from its essential points, many kinds of variations are 
possible. 

[0152] 

[Effect of the Invention] As explained above, according to the present invention, in a 
semiconductor integrated circuit using a multi-layer wiring configuration in which diagonal- 
direction wiring grids that cross [each other] perpendiculariy are provided in addition to X-Y 
direction wiring grids that cross [each other] perpendicularly, the following benefits are achieved 
through use of the diagonal wiring layers: specifically, circuit delay characteristics and noise 
resistance are improved, wiring design is facilitated, and manufacturing cost is reduced. 

[Brief Explanation of the Figures] 

[Figure 1] Figure 1 is a layout diagram showing the wiring grid structure of a semiconductor 
integrated circuit apparatus according to the first working configuration of the present invention. 

[Figure 2] Figure 2 is a plan view showing one example of a wiring structure for the case of 
implementing wiring based on a wiring grid structure such as that shown in Figure 1. 

[Figure 3] Figure 3 is a cross-sectional view along line A-A in Figure 2. 

[Figure 4] Figure 4 is a diagram which explains the method for inserting repeater cells in a 
semiconductor integrated circuit apparatus according to the second working configuration of the 
present invention. 

[Figure 5] Figure 5 is a diagram which explains the wiring delay. 
" Translator's note: the original erroneously reads "pass-through wiring 2 and 3." 
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[Figure 6] Figure 6 is a layout diagram showing the structure of a semiconductor integrated 
circmt apparatus according to the third working configuration of the present invention. 

[Figure 7] Figure 7 is a partial plan view showing the shapes of via holes in a semiconductor 
integrated circuit apparatus according to the fourth working configuration of the present 

invention. 

[Figure 8] Figure 8 is a diagram showing cells or mega-cells in a semiconductor integrated 
circuit apparatus according to the fifth working configuration of the present invention. 

[Figure 9] Figure 9 is a diagram showing examples of obstacles to wiring in the fifth working 
configuration. ^ 

[Figure 10] Figure 10 is a diagram which explains the relationship between wiring and obstacle 
regions m the wiring of the fifth working configuration. 

[Figure 11] Figure 11 is a diagram showing the principal elements of the structure of a 
semiconductor integrated circuit apparatus according to the sixth working configuration of the 
present invention. 

[Figure 12] Figure 12 is a diagram showing the principal elements of the structure of a 
semiconductor integrated circuit apparatus according to the seventh working configuration of the 
present invention. 

[Figure 13] Figure 13 is a diagram showing the method of cell layout in a semiconductor 
integrated circuit apparatus according to the eighth working configuration of the present 
invention. 

[Figure 14] Figure 14 is a diagram which explains the basic structure of clock trees in a 
semiconductor integrated circuit according to the ninth working configuration of the present 
invention. 

[Figure 15] Figure 15 is a diagram which explains a modified example of the clock tree structure 
according to the ninth working configuration. 

[Figure 16] Figure 16 is a diagram which explains the principal elements of the structure of a 
tree m the case of providing a "round about" path. 

[Figure 17] Figure 17 is a diagram showing a specific wiring method for the case where the 
diagonal wiring grids are created by automatic wiring. 

[Figure 18] Figure 18 is a layout diagram showing the wiring grid structure of a semiconductor 
integrated circuit apparatus according to the tenth working configuration of the present 



invention. 
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[Figure 19] Figure 19 is a cross-sectional diagram of the wiring grid structure of Figure 18 as 
viewed from the direction of the X axis. 

[Figure 20] Figure 20 is a diagram which explains a wiring grid structure composed of global 
wiring and local wiring in a semiconductor integrated circuit according to the eleventh working 
configuration of the present invention. 

[Figure 21] Figure 21 is a diagram which explains the direct connection from a cell with strong 
drive power to wiring of a diagonal wiring grid in the eleventh working configuration. 

[Figure 22] Figure 22 is a diagram which explains the defined location for output terminals of 
cells with strong drive power. 

[Figure 23] Figure 23 is a diagram which explains [a] a conventional wiring structure of clock 
supply wiring from a PLL to each flip-flop, and [b] the wiring structure of clock supply wiring 
from a PLL to each flip-flop according to the twelfth working configuration of the present 
invention. 

[Figure 24] Figure 24 is a diagram which explains the wiring structure of clock supply wiring 
from a PLL to each flip-flop according to the twelfth working configuration. 

[Figure 25] Figure 25 is a diagram which explains the clock tree structure of the twelfth working 
configuration. 

[Figure 26] Figure 26 is a diagram which explains the clock tree structure of the twelfth working 
configuration. 

[Figure 27] Figure 27 is a layout diagram showing the wiring grid structure of a semiconductor 
integrated circuit according to the thirteenth working configuration of the present invention. 

[Figure 28] Figure 28 is a layout diagram showing the wiring grid structure of a conventional 
integrated circuit apparatus using diagonal-direction wiring. 

[Figure 29] Figure 29 is a diagram which explains the problem of shifting of grid points with 
conventional techniques. 

[Explanation of Symbols] 

1, 601 first layer wiring 

2, 602 second layer wiring 

3, 603 third layer wiring 

4, 604 fourth layer wiring 

10 semiconductor substrate 

1 1 interlayer insulation film 
12, 13, 14 via holes 
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20 repeater cells 
21,22, 101,201 cells 
80 cell row 
85 wiring channel 

102 effective region 

103 transistor region 

1 9 1 wiring for supplying power 

250, 260 cut lines 

605 fifth layer wiring 

610 cells with strong drive power 

801, 802 clock wiring 

803 PLL 

804 chip center 

805 buffer cell 

806 flip-flop 

807 cluster 
901 SRAM 
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[Figure 1] [Figure!] 
1 : first layer wiring grid 
2: second layer wiring grid 
3: third layer wiring grid 
4: fourth layer wiring grid 
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[Figure 3] 
2: second layer wiring 
10: semiconductor substrate 
1 1 : interlayer insulating film 
12, 13, 14: via holes 
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[Figure 4] 

20: repeater cell 
21,22: cells 

23, 35, 45: X-direction wiring 

25, 34, 46: diagonal-direction wiring 
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[Figure 5] 

21,22: cells 

64, 73: narrower wiring line width 
63,74: broader wiring line width 
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[Figure 6] 



80: cell rows 

85: wiring channel 
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[Figure 7] 
90A, 90B, 90C, 90D: via holes 
91 : X-Y direction wiring 
92: diagonal-direction wiring 
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[Figure 8] 

101: cell 

101a: four comer lines 

102: effective regions 

103: transistor region 

103a: transistors 

113: diagonal-direction wiring 
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[Figure 9] 
122, 131, 132, 133: obstacle regions 



(a) 




173l^4i:^lSjK*l 
2 \ i74^i6:^fSiK» 



(b) 




183 /ty7T-fe;v 



(c) 




161, 162: wiring 

173, 174: diagonal-direction wiring 
183: buffer cell(s) 
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[Figure 10] 

101, 141: cells 

142, 152: obstacle regions 

143, 153: wiring 

144, 154: areas near four comers 
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[Figure 12] 
191: power-supply wiring 
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[Figure 13] 

201,210: cells 
202: wiring 
250,260: cut lines 
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[Figure 14] 
270,280: balance points 




[Figure 15] 
270: balance point 



(a) 



301 Rmm^ 



(b) 



—311 mmm 



[Figure 16] 
300,310: buffer cells 
301 , 3 1 1 : "round about" paths 
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[Figure 17] 
320: terminal-pair starting point 
321: terminal-pair ending point 
330: "no-wiring" region 
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[Figure 18] 
601: first layer wiring 
602: second layer wiring 
603: third layer wiring 
604: fourth layer wiring 
605: fifth layer wiring 
a: X axis 

b: cell row direction 
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[Figure 19] 
601: first layer wiring a: first layer 
602: second layer wiring b: second layer 
603: third layer wiring 
604: fourth layer wiring 
605: fifth layer wiring 



c: third layer 
d: fourth layer 
e: fifth layer 
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[Figure 20] 
a: first layer f: global wiring 

b: second layer g: local wiring 
c: third layer 
d: fourth layer 
e: fifth layer 
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[Figure 21] 
601,602,603: local wiring 
610: cells with strong drive power 
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[Figure 22] 
701: ground terminal 
702: power source tenninal 
703: input terminals 

704: defined location for output terminals 



(a) (b) 




[Figure 23] 
801,802: clock wiring 
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[Figure 24] 

805: buffer cells 
806: flip-flops 
807: clusters 




[Figure 25] [Figure 26] 
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[Figure 27] 
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[Figure 29] 
501, 502: grid points 
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[Figure 28] 
401: first layer wiring grid 
402: second layer wiring grid 
403: third layer wiring grid 
404: fourth layer wiring grid 
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